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REPORT 


ON   THE 


SAFE,  DEPENDABLE  YIELD  AND  AVAILABILITY  OF  THE 

RESOURCES  OF  THE  SPRING  VALLEY 

WATER  COMPANY 


Letter  of  Transmittal 


EXECUTIVE  DEPARTMENT 

SPRING  VALLEY  WATER  COMPANY 

375  Sutter  Street 


The  Honorable,  the  Secretary  of  the  Interior, 
and  the  Advisory  Board  of  Engineers 
of  the  United  States  Army, 
Washington,  D.  C. 
Sirs: 

In  accordance  with  a  letter  from  the  Secre- 
tary of  the  Interior,  dated  May  28,  1912,  the 
Spring  Valley  Water  Company  herewith  pre- 
sents the  following  reports  bearing  upon  the 
adequacy  of  its  property  for  furnishing  San 
Francisco  with  an  ample  supply  of  water  in 
the  future,  namely,  by: — 

Mr.  Hermann  Sehussler,  Consulting  Eligineer, 
and  Mr.  F.  C.  Herrmann,  Chief  Engineer,  of 
the  Spring  Valley  Water  Company ;  Mr.  George 
G.  Anderson,  Hydraulic  Engineer  of  Denver, 
Colorado;  Messrs.  Wm.  Mulholland  and  J.  B. 
Lippmcott  of  Los  Angeles,  Chief  Engineer  and 
Assistant  Chief  Engineer  of  the  Los  Angeles 
Aqueduct;  Prof.  J.  N.  Le  Conte,  Hydraulic 
Engineer  of  the  University  of  California;  Dr. 
J.  C.  Branner,  Vice-President  and  head  of  the 
Department  of  Geology  of  Stanford  University; 


San  Francisco,  Cal.,  October  31,  1912. 

Dr.  A.  C.  Lawson,  head  of  the  Department  of 
Geology  of  the  University  of  California;  Mr.  F. 
W.  Roeding,  Manager  of  Agriculture  for  the 
Company,  and  formerly  Irrigation  Manager  of 
the  Irrigation  and  Drainage  Investigations  of  the 
Pacific  Division,  U.  S.  Dept.  of  Agriculture ;  and 
appendices  of  Mr.  C.  H.  Lee,  of  the  U.  S.  G.  S., 
and  Messrs.  J.  J.  Sharon,  T.  W.  Espy,  I.  E. 
Flaa  and  H.  Monett,  Assistant  Engineers  of  the 
Company. 

In  another  volume  is  presented  a  report  by- 
Gen.  H.  M.  Chittenden  of  Seattle,  who  was 
assisted  by  Mr.  A.  0.  Powell,  C.  E.,  of  Seattle, 
which  is  the  result  of  a  review  of  the  above 
reports,  study  of  other  data  bearing  upon  the 
subject,  and  an  investigation  of  conditions  on 
the  ground. 

These  reports  are  herewith  submitted  for  your 
consideration. 

Kespeetfally, 

S.  P.  EASTMAN, 
Vice  President  &  Manager 
Spring  Valley  Water  Company 
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RECAPITULATION 


COMPARISON 


Determinations  of  Safe  Dependable  Yield 


Resources  of  the  Water  Supply  of  San  Francisco 


PENINSULA    SYSTEM:  Herrmann. 

Developed —  m.  g.  d. 

Pilarcitos  and  San  Andreas i       iq  50 

Crystal  Springs \ 

Lake  Merced 3.50 

Undeveloped — 

Coast  -streams [       51  20 

West  Union ^ 

Ravenswood  and  Alviso  Wells 21 .  00 

Total  of  Peninsula 95.20 

ALAMEDA   SYSTEM: 

Calaveras 1 

Upper  Alameda I 

Accumulated  surplus 

San  Antonio 8 .  92 

Sunol  Drainage 11 .  36 

Arroyo  Valle 1 

T-                TT  11  (■    55.38 

Livermore  Valley J 

Evaporation 

Total  of  Alameda  System 135 .  80 

GRAND  TOTAL  §231.00 


Anderson. 

M.  G.  D. 

19  02 

Sch  ussier. 
M.  G.  D. 

19.00 
3.00 

50.00 

21.00 

Mullholland- 
Lippincott. 

M.  G.  D. 

Chittenden- 
Powell. 

M.  G.  D. 

19.50 

2  80 

50.00 

20.00 

93.00 

89.50 

•  •  'f  *  * 

57  00 

58.0 
10.0 

1    15.66 

30.00 
17.6 

9  48 

8.50 

t90.00 

7.40 
18.00 
30.00 
12  00 

51 

.50 

40.00 

$142.38 

*131.26 
*130.00 

130.00 

*223.00 

219.50 

*Mr.  Schussler's  net  yield  from  the  Alameda  System,  using  23  years'  records  and  allowing  10  M.  G.  D. 
evaporation  from  Livermore  Valley,  is  130  M.  G.  D.  Using  records  for  19  years  he  obtained  131.26  M.  G.  D. 
gross  run-off.  Adding  to  his  net  figure  the  yield  of  Coyote  River  (21  M.  G.  D.)  and  Gilroy  artesian  basin  (14 
M.  G.  D.),  he  obtains  a  total  safe  yield  of  258  M.  G.  D. 

tCalaveras,  Arroyo  Valle  and  San  Antonio  Reservoirs. 

JMr.  Anderson's  net  yield  from  the  Alameda  System  was  142.38  M.  G.  D.,  from  which  he  deducted  2  M. 
G.  D.  for  local  use,  leaving  available  a  yield  of  140.38  M.  G.  D.  for  San  Francisco.  He  did  not  finish  his  calcu- 
lations in  time  to  be  used  in  this  report  as  to  the  yield  of  the  Coast  Streams  Region,  but  he  did  find  that  they 
gave  ample  evidence  of  great  productivity. 

§To  Mr.  Herrmann's  total  of  231  M.  G.  D.  there  should  be  added  21  M.  G.  D.  (Coyote  System),  making  the 
net  total  for  the  entire  system  252  M.  G.  D. 

MullhoUand  and  Lippincott  did  not  make  detailed  calculations  of  remainder  of  the  Alameda  System,  but 
studied  and  reviewed  the  Herrmann  report  on  the  Alameda  System,  and  gave  it  their  endorsement. 

Note:  The  Chittenden  and  Powell  reports  were  filed  with  the  Advisory  Board  of  Army  Engineers  in  San 
Francisco   Cal.,  on  November  1,  1912,  independept  of  this  report. 


REPORT 


ON   THE 


SAFE,  DEPENDABLE  YIELD  AND  AVAILABILITY  OF  THE 
RESOURCES  OF  THE  SPRING  VALLEY 
WATER  COMPANY 


Letter  of  Transmittal 


San  Francisco,  Cal.,  October  31,  1912. 
S.  P.  Eastman,  Esq., 
Vice  President  and  Manager, 
Spring  Valley  Water  Company. 

Dear  Sir: — In  compliance  with  your  request, 
I  beg  to  submit  herewith  a  report  on  the  water 
supply  of  San  Francisco,  showing  the  safe,  de- 
pendable yield  of  the  resources  of  the  Spring 
Valley  Water  Company,  particularly  for  future 
supply. 

In  the  preparation  of  the  report  I  have  fre- 
quently consulted  with  Dr.  J.  C.  Branner,  of 
Stanford  University,  and  with  Dr.  A.  C.  Lawson, 
of  the  University  of  California,  on  questions  of 
geology ;  with  Mr.  Hermann  Sehussler,  who  con- 
ceived and  constructed  the  works  of  the  Spring 
Valley  Water  Company;  with  Messrs.  Mulhol- 
land  and  Lippincott,  consulting  engineers,  on  the 
problems  of  underground  waters,  and  with  Mr. 
George  G.  Anderson,  consulting  engineer,  on 
questions  of  rainfall  and  run-off.  To  these  gen- 
tlemen I  acknowledge  my  grateful  appreciation 
for  valuable  advice  and  assistance. 

To  the  members  of  the  engineering  corps  of  the 
Spring  Valley  Water  Company,  I  wish  to  ex- 
press my  gratitude  for  faithful  and  loyal  ser- 
vices in  the  preparation  of  this  report,  covering 
a  period  of  many  months. 

Yours  very  truly, 

F.  C.  HERRMANN, 

Chief  Engineer. 


THE 

FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO, 

CALIFORNIA 


REPORT 


ON    THE 


SAFE  DEPENDABLE  YIELD  AND  AVAILABILITY  OF  THE 

RESOURCES  OF  THE  SPRING  VALLEY 

WATER  COMPANY 


BY 


F.  C.  Herrmann, 

Chief  Engineer,  Spring  Valley  Water  Company, 

October  1st,  1912. 


There    Will  be  Enough    Water   for   San   F 

The  purpose  of  this  report  is  to  present  an 
estimate  of  the  safe  dependable  amount  of  water 
that  may  be  delivered  daily  to  the  people  of  San 
Francisco  by  the  complete  and  intelligent 
development  of  the  present  resources  of  the 
Spring  Valley  Water  Company,  and  to  determine 
at  what  time  in  the  remote  future  additional 
water  supply  must  be  obtained  elsewhere. 

These  resources  extend  over  large  areas  ad- 
jacent to  the  region  of  San  Francisco  Bay,  and 
although  the  most  important  of  these  -will  bo 
operated  in  harmony,  each  assisting  the  other 
to  the  best  advantage,  they  are  divided  into  the 
following  component  parts  for  the  purpose  of 
analysis  in  this  report : 

Peninsula  System — 

Bay    Slope Nearly    complete...        35  sq.  mi. 

Coast   Streams ....  Reserved  for  future 

supply 65  sq.  mi. 

Alameda    System ....  Partially   developed      620  sq.  mi. 

Coyote  System Reserved  for  future 

supply 115  sq.  mi. 

Alviso-Ravenswood 

Wells     Partially  developed .  subterranean 

Lake   Merced Nearly    complete. . . 

The  Spring  Valley  Water  Company  has  se- 
cured water  resources  for  the  people  of  San 
Francisco  that  when  completely  developed  will 
safely  produce  year  in  and  year  out  210  M.  G.  D., 
or  over  five  and  one-half  times  the  present  needs 
of  the  City.     In  addition  to  this,  other  sources 


rancisco  Until  Beginning  of  Next  Century. 

have  been  secured,  which  may  be  depended  upon 
to  supply  42  M.  6.  D.,  for  use  within  the  pro- 
posed metropolitan  district,  making  a  grand  to- 
tal of  252  M.  G.  D.,  as  follows. 

M,  G.  D.     M.  G.  D. 

For  the  City  of  San  Francisco 
Peninsula  System — 
Crystal     Springs,     San 

Andreas    and     Pilar- 

citos     Reservoirs,     as 

at  present   developed    19.5 
Additions    from    Coast 

Streams     and     West 

Union  Creek 51.2 

Lake  Merced  3.5 

Total    74.20 

Alameda  System — 

Calaveras    60.14 

San  Antonio 8.92 

Sunol  Gravels   11.36 

Arroyo  Valle  and  Liv- 

ermore  Gravels   55.38  135.80 

Total    210.00 

Additional  for  Metro- 
politan District — 

Coyote  System 21.00 

Alviso  and  Eavenswood    21.00  42.00 

Grand  Total 252.00 


SPRING  VALLEY  STORAGE  GREATER  THAN  TUOLUMNE  SYSTEM. 


Making  the  liberal  allowance  of  100  gallons 
per  day  per  inhabitant,  the  210  M.  G.  D.  avail- 
able for  the  City  of  San  Francisco  is  sufficient 
to  serve  a  population  of  over  2,000,000  people. 
The  average  of  the  curves  of  future  population 
made  within  recent  years  by  Hermann  Schuss- 
ler,  Prof.  C.  D.  Marx,  C.  E.  Grunsky,  E.  H.  Hop- 
son  and  Marsden  Manson  indicates  that  this 
figure  will  be  reached  about  the  beginning  of 
the  next  century. 

Utilizing  the  252  M.  G.  D.,  together  with  other 
available  local  sources  of  supply,  and  applying 
the  same  rate  of  per  capita  consumption  of  100 
gallons  per  day  to  the  population  curve  on  page 
76  of  the  report  of  John  R.  PTeeman  on  the 
Hetch  Hetchy  Water  Supply,  the  Metropolitan 
District  of  San  Francisco  may  be  served  from 
local  sources  of  supply  well  into  the  next  cen- 
tury. 

One  great  factor  in  the  value  of  these  sources 
of  supply  is  the  large  aggregate  storage  located 
at  the  door  of  the  City.  The  surface  storages 
are  enumerated  as  follows: 

M.  G.  Ultimate. 

Peninsula  System — 15  miles  from  S.  F 102,500 

Alameda  System  —35       "  "       "     80,504 

Coyote  System      —63       "  "       "     9,100 

Total  Surface  Storage 192,104 

If  no  rain  whatever  fell  for  over  14  years,  this 
storage  would  be  sufficient  to  care  for  the  present 
needs  of  the  City  during  that  time. 


Extensive  underground  storage,  which  is  the 
source  of  subterranean  waters  at  Pleasanton, 
Sunol,  Alviso  and  Ravenswood,  is  not  included 
in  the  above,  and  in  the  aggregate  furnishes 
storage  in  excess  of  the  enormous  storage  of  the 
surface  reservoirs. 

Basis  of  Report. 

Available  physical  data  relevant  to  the  problem 
in  hand,  together  with  careful  and  extended  field 
investigations,  form  the  basis  of  this  report.  The 
data  consist  of: 

(a)  Rainfall  records,  both  public  and  private, 
covering  the  territory  from  San  Francisco  to 
Gilroy,  and  from  the  Pacific  Ocean  to  San  Joa- 
quin Valley. 

(b)  Run-off  measurements  at  various  points 
on  these  systems,  some  of  them  covering  long 
periods  of  time  and  others  but  very  short  periods. 

(c)  Maps,  records,  surveys,  extensive  statisti- 
cal data  and  studies  of  the  Spring  Valley  Water 
Company. 

(d)  Extensive  reports  by  most  of  prominent 
engineers  and  geologists,  dealing  with  the  hy- 
drology and  geology  of  this  region. 

(e)  Maps  and  publications  of  the  United 
States  Government. 


Spring  Valley  Storage  Greater 
than  Tuolumne  System. 

Better  to  realize  the  great  extent  of  this  stor- 
age, comparison  is  made  with  the  total  ultimate 
storage  of  the  proposed  reservoirs  on  the 
Tuolumne  River  and  its  tributaries,  as  follows: 

Spring  Valley  "Water  Company  Reservoirs  192,104  M.  G. 
Tuolumne  River  Reservoirs 165,500    " 


Excess  in  favor  of  Spring  Valley  Water 

Company     26,604 


Spring  Valley  Has  Made  Many 
Gagings  Over  Long  Periods. 

Gagings  have  been  made  in  the  various 
streams  which  are  included  in  the  resources  of 
the  Spring  Valley  Water  Company,  some  of 
which  go  back  for  over  40  years.  It  is  to  be  re- 
gretted that  many  of  these  were  destroyed  in  the 
conflagration  of  1906.  Those  that  escaped  de- 
struction and  are  available  at  the  present  time 
are  tabulated  in  million  gallons  as  follows: 


THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


Season. 


PENINSULA. 

Crystal    San  Andreas 
Springs      and  Pilar-     Pescadero 
Reservoir.        citos.  Creek. 


Alameda 
Creek. 


Calaveras 
Creek. 


ALAMEDA  SYSTEM. 

Upper  San 

Alameda         Antonio 

Creek.  Creek. 


Arroyo 

Valle 

Creek. 


Coyote 
Creek. 


1887- 
1888- 
1889- 
1890- 
1891- 
1892- 
1893- 
1894- 
1895- 
1896- 
1897- 
1898- 
1899- 
1900- 
1901- 
1902- 
1903- 
1904- 
1905- 
1906- 
1907- 
1908- 
1909- 
1910- 
1911- 


89 

m.......  15,786 

91 3,183 

92 780 

93 6,598 

94 4,045 

95 7,722 

96 2,164 

97 2,809 

98 1,490 

99 1,427 

00 1,812 

01 981 

02 823 

03 2,469 

04 5,108 

05 2,261 

06 3,356 

07 6,226 

08 1,102 

09 7,185 

10 1,327 

11 7,483 

12 734 


2,384 
2,516 
7,159 
1,869 
1,249 
3,091 
2,604 
3,668 
2,261 
3,736 

548 
1,635 
3,937 
3,138 
3,226 
4,460 
5,399 
3,995 
3,336 
6,604 
2,487 
6,144 
3,020 
4,721 

949 


*1,998 
2,655 
9,179 
5,659 
4,507 
9,743 
7,395 

*    720 


165,907 
38,931 
20,905 

117,511 
59,202 
86,422 
39,967 
67,772 
4,498 
23,091 
19,085 
40,038 
30,861 
37,854 
36,464 
20,451 
67,087 

104,856 
20,703 
75,844 
32,536 
92,425 
10,937 


13,720 
14,560 
20,531 
13,391 
15,471 
19,380 
14,902 
26,962 
37,146 
9,203 


29,700 
5,554 


1,382 


t  3,147 


454 


27,070 

11,611 

4,247 

10,396 

16,881 

37,928 

31,793 

66,517 

3,372 

15,442 

57,637 

*Record  for  one-half  season  only. 

fFIO'Od  records   during  three   nionths   only. 

Note:  The  quantities  given  for  the  Crystal  Spring's,  San  Andreas  and  Pilarcitos  Reservoirs  are  quantities  meas- 
ured in  the  reservoirs,  and  represent  the  net  yield  after  deduction  has  been  made  for  evaporation,  while  all  other 
quantities  represent  measured  run-off  at  the  various  gaging  stations. 


For  the  developed  portions  of  the  resources  of 
the  Spring  Valley  Water  Company  long  records 
of  actual  volumetric  measurements  are  available. 
The  compilation  of  these  gives  directly  their  per- 
formance during  a  period  of  many  years  and 
without  question  their  safe  dependable  yield. 

Conclusions  as  to  dependable  yield  from  the 
Alameda  System,  the  Coast  Streams  as  an  in- 
tegral part  of  the  Peninsula  System,  and  the 
Coyote  Systf^m  have  been  drawn  from  careful 
and  detailed  analysis  of  available  rainfall  and 
run-off  data,  the  deductions  being  based  upon 
sotind  scientific  principles. 

Estimates  of  the  dependable  yield  of  the 
Alviso  and  Ravenwood  wells  have  been 
taken  from  reports  by  Mr.  Hermann  Schuss- 
ler,  who  created  the  works  of  the  Spring 
Valley  Water  Company,  and  who  as  its  Chief 
Engineer  for  many  years  made  the  study  of  its 
resources  his  life's  work.  Mr.  Schussler  is  al- 
Avays  conservative  in  his  estimates  of  water  pro- 
duction, and  by  reason  of  his  long  experience, 
intimate  knowledge,  and  painstaking  investi- 
gations of  these  resources,  is  considered  the  most 
competent  man  alive  to  judge  the  amount  of 
water  that  may  safely  be  withdrawn  from  the 
sources  in  question. 


In  this  report,  analyses  have  been  made  in  the 
following  order : 

Peninsula  System. 
Developed. 
Undeveloped. 

Alameda  System. 

Coyote  System. 

The  computations  of  drafts  are  expressed  to 
second  place  decimals  to  obtain  uniformity  and 
to  prevent  confusion  by  rounding  them  off.  It 
is  not  intended  to  convey  the  idea  that  these 
quantities  can  be  determined  with  this  degree  of 
precision. 

PENINSULA    SYSTEM. 

The  Peninsula  Sj'stem  lies  directly  south  of 
end  adjoining  San  Francisco  within  that  range 
of  mountains  separating  San  Francisco  Bay 
from  the  Pacific  Ocean,  and  terminating 
abruptly  at  the  Golden  Gate. 

This  system  is  logically  divided  into  two  parts, 
the  developed  and  the  undeveloped. 

The  Developed  Portion  of  the 

Peninsula  System  Will  Safely 
Yield   Twenty-three  Million 
Gallons  Daily. 

The  developed  part  consists  of  Lalve  Merced, 


PRODUCTIVITY  OF  THE  PENINSULA  SYSTEM. 


lying  wholly  within  the  City  limits  of  San  Fran- 
cisco, the  Crystal  Springs  and  the  San  Andreas 
and  Pilarcitos  Reservoirs,  lying  from  7  to  17 
miles  south  of  the  City.  The  catchment  area  of 
the  last  named  reservoirs  contains  35  square 
miles  of  mountains,  culminating  on  the  north  in 
Peak  Mountain  (1900  feet  elevation)  and  on  the 
south  in  Sierra  Morena  (2400  feet  elevation). 

These  mountains  are  covered  with  a  very  dense 
growth  of  trees  and  shrubs  and  are  subject  to 
an  average  annual  rainfall  ranging  from  36 
inches  to  52  inches. 

By  reason  of  this  very  high  rainfall  the  catch- 
ment areas  of  the  Peninsula  System  have  proved 
to  be  exceedingly  good  water  producers.  Prac- 
tically the  entire  catchment  area  is  owned  in  fee 
by  the  Spriiig  Valley  Water  Compajiy,  thereby 
insuring  water  of  the  highest  purity.  Great  skill 
and  ingenuity  have  lieen  displaced  in  this  de- 
velopment, whereby  wide  latitude  is  given  the 
operation  of  interchanging  the  waters  of  the 
three  reservoirs  and  of  permitting  one  reservoir 
to  assist  the  others  in  storing  auj^  surplus. 

At  the  present  time  the  developed  storage  is 
nearly  large  enough  to  care  for  the  entire  run-off 
of  the  catchment  area,  except  in  Liie  seasons  of 
excessive  rainfall.  Additional  storage  of  40,000 
M.  G.  may  be  obtained  by  increasing  the 
height  of  the  great  Crystal  Springs  Dam,  vi^hich 
was  provided  for  when  the  dam  was  constructed. 

The  elevations  and  storage  capacities  of  the 
constructed  reservoirs  of  the  Peninsula  System 

are  as  follows :                         Present.  Future. 

Capac-    Bleva-  Capac-    Eleva- 

ity,           tion,  ity,          tion, 

Reservoir —                           M.  G.         Feet.  M.  G.        Feet. 

Crystal    Springs 23,000  283  63,000  337 

Sian  Andreas 6,000  440  6,000  440 

Pilarcitos   1,000  692  1,000  692 

Lake  Merced 2,500  19  2,500  19 

By  reason  of  the  strategic  position  of  Lake 
Merced,  lying  wholly  within  the  City  limits  of 
San  Francisco  and  completely  protected  from 
contamination,  its  value  in  case  of  war  or  catas- 
trophe is  beyond  the  expression  of  figures. 

It  is  seen  that  all  of  the  other  reservoirs 
cieliver  water  into  San  Francisco  by  gravity. 


1869-71      Prof.  Geo.  Davidson,  U.  S.  C.  &  G.  S. 


1871  Gen.  B.  S.  Alexander,  U.  S.  Army  Engineers. 

1875  Mr.  T.  R.  Scowden,  Hydraulic  Engineer 

1877  Col.  Geo.  H.  Mendell,  U.  S.  Army  Engineers. 

1886  Mr.  J.  P.  Campbell,  Civil  Engineer 

1908  Mr.  C.  E.  Grunsky,  Hydraulic  Engineer 


Measurements  covering  a  period  of  45  year.'i 

show  the  following  safe  net  drafts    from   these 

sources : 

Crystal  Springs  Reservoir 9%  M.  G.  D. 

San  Andreas  and  Pilarcitos 10  " 

Lake  Merced    3% 

Total  23 

Undeveloped  Portion 

of  Peninsula  System. 

The  undeveloped  part  of  the  Peninsula  Sys- 
tem is  usually  referred  to  as  the  "Coast 
Streams."  though  it  also  includes  that  portion  of 
the  catchment  area  of  West  Union  Creek  lying 
just  south  of  the  Crystal  Springs  Reservoir. 

In  developing  the  Coast  Streams  it  is  proposed 
to  intercept  the  waters  of  the  upper  Pescadero 
and  San  Gregorio  Creeks,  at  such  an  elevation 
that  they  will  flow  by  gravity  into  the  Crystal 
Springs  Reservoir  through  a  tunnel  eleven  miles 
long  and  with  a  capacity  of  one  hundred  million 
gallons  daily. 

The  waters  of  those  streams,  which  will  be 
contributed  below  the  gravity  diversion,  will  be 
intercepted  by  the  Pescadero  Reservoir,  having  a 
storage  capacity  of  30,000  M.  G.,  with  a  dam  300 
feet  high.     (See  Plate  G-4.)* 

The  waters  so  stored  will  be  pumped  into 
Crystal  Springs  Reservoir  through  the  tunnel 
above  mentioned.  The  location  of  the  component 
parts  of  the  Coast  Streams  project  in  its  relation 
to  the  developed  part  of  the  Peninsula  System, 
is  shown  on  Plate  G-1. 

Many  Engineers  Have  Reported 
Favorably  on  Coast  Streams. 

The  Coast  Streams  project  as  a  future  water 
supply  to  San  Francisco  has  been  under  consid- 
eration since  1869,  since  when  it  has  been  very 
favorably  reported  upon  by  the  following  emi- 
nent engineers,  who  were  not  connected  with 
the  Spring  Valley  Water  Company: 

*Wherever  numbered  maps,  diagrams  or  plates  are 
mentioned  in  this  report  they  refer  to  and  are  contained 
herein,  and  wherever  maps,  diagrams  or  plates  are  men- 
tioned by  number  prefixed  by  a  letter  they  refer  to  maps, 
diagrams,  or  plates  in  the  appendix  bearing  the  prefixed 
letter. 


90       M.  G.  D.  in  wet  years. 
30       M.  G.  D.  in  dry  years. 
471/2  M.  G.  D. 
58       M.  G.  D.' 

15       M.  G.  D.;^^7^\"y  supply  only 

7N0  storage  in  Pescadero. 

60       M.  G.  D. 

20       M  G  D   $Ci-ravity  supply  only. 

■  ^No  storage  in  Pescadero. 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


ON    PESCADERO    CREEK. 
A  Station  for  the  Measurement  of  This  Stream  was  Established  in  1886  and  Accurate  Record  Kept 

■   ■-  ;  =  i'  Until  the  Fire  of  1906. 


COAST  STREAMS  ARE  GOOD  PRODUCERS. 


Throughout  this  period,  Mr.  Hermann  Sch  uss- 
ier investig'ated  the  Coast  Streams  in  detail,  es- 
tablishing gaging  stations  on  the  streams  as  earlj^ 
as  1865.  From  these  records  Mr.  Seliussler  esti- 
mated that  by  the  use  of  storage  in  the  Pesca- 
dero  Reservoir  the  streams  would  support  a  draft 
of  50  M.  G.  D.  Unfortunately  some  of  these 
records  were  destroyed  in  the  conflagration  of 
1006 ;  those  now  available  are : 

(a)  Rainfall  at  Camp  Ploward  on  Peseadero 
Creek  for  seventeen  years  from  1889  to  1906, 
and  (b)  run-off  of  the  Peseadero  at  the  same 
place  for  the  two  years  1887  to  1889  and  for  the 
six  full  seasons,  1899-90  to  1904-5.  Camp  How- 
ard is  located  on  Peseadero  Creek  just  above 
the  mouth  of  Peters  Fork.  These  seventeen 
years  of  rainfall  record  show  an  average  an- 
nual precipitation  of  54.55  inches. 

Above  Camp  Howard  the  Peseadero  has  a 
catchment  area  of  16  square  miles.  The  average 
run-off  at  Camp  Howard  for  the  six  seasons' 
record  was  17.85  M.  G.  D.,  or  an  average  of 
about  1,115,000  gallons  per  square  mile  per  day. 

Large  Flow  of  Water 

in  Coast  Stream  Country. 

Comparing  the  water  product  of  this  catch- 
ment area  with  the  combined  catchment  areas  of 
the  Pilarcitos  and  the  San  Andreas  Reservoirs 
for  the  same  six  seasons  we  find  that  with  a 
catchment  area  of  13.7  square  miles  the  Pilarcitos 
and  San  Andreas  watersheds  furnished  an  av- 
erage of  11.03  M.  G.  D.,  or  an  average  rate  of 
805,000  gallons  per  square  mile  per  day. 

It  is  to  be  noted  that  the  period  covered  by 
this  six  seasons'  run-off  record  is  wholly  within 
the  extraordinary  cycle  of  eight  dry  seasons, 
1898-99  to  1904-05,  which  was  experienced  all 
over  the  Pacific  Slope,  and  which  is  fully  dis- 
cussed in  another  part  of  this  report. 

The  catchment  area  of  the  "Coast  Streams"  is 
one  of  consistently  high  rainfall  and  run-off,  and 
is  well  covered  with  a  virgin  forest  of  firs  and 
redwoods.  Being  on  the  ocean  side  of  the  moun- 
tain range,  the  temperature  even  in  midsummer 
is  cool,  and  the  weather  damp  and  foggy.  These 
several  factors  combine  to  regulate  the  rate  of 
run-oft*,  and  produce  a  marked  increase  in  the 
summer  flow.  Therefore,  the  conditions  for 
diversion  of  the  Coast  Streams  are  exceedingly 
favorable. 


In  addition  to  the  Camp  Howard  precipitation 
record,  other  records  at  Boulder  Creek,  Pilarcitos 
and  along  the  Pacific  Ocean  are  available  and 
have  been  used  in  the  study  of  the  water  yield 
from  the  Coast  Streams  area.  All  these  records 
show  this  area  to  be  one  of  very  high  rainfall. 

Detailed  analysis  of  the  Coast  Streams  project 
is  given  in  Appendix  G,  which  has  been  prepared 
by  Mr.  I.  E.  Plaa,  Assistant  Engineer  in  charge 
of  the  headquarters  division  of  the  Spring  Valley 
AVater  Company  Engineering  Department.  Asijde 
from  his  experience  with  the  complex  hydraulic 
problems  of  this  Company,  Mr.  Flaa  has  had  ex- 
tended and  valuable  experience  as  Designing 
Engineer  for  the  Pacific  Gas  and  Electric  Com- 
pany in  their  large  hydraulic  developments  in 
the  Sierra  Nevada  Mountains. 

How  Coast  Streams  Will  Be 
Developed. 

Although  the  tunnel  piercing  the  backbone  of 
the  Peninsula  through  which  the  waters  from  the 
Coast  Streams  will  be  conducted  to  the  Crystal 
Springs  Reservoir  will  have  a  capacity  of  100 
M.  G.  D.,  it  is  planned  that  the  maximum  flow  by 
gravity  to  it  will  be  70  M.  G.  D.,  thereby  leaving 
an  excess  capacity  of  30  M.  G.  D.  that  may  be 
utilized  by  the  pumps  at  Peseadero  Reservoir 
during  the  period  oi  maximum  gravity  flow, 
which  is  estimated  at  two  months  per  season. 
For  tlie  remaining  ten  months  much  more  than 
this  30  M.  G.  D.  capacity  is  available  for  pumped 
water. 

Run-off  from  the  upper  reaches  of  the  water- 
sheds in  excess  of  70  M.  G.  D.,  together  with  the 
run-off  of  the  lower  reaches  of  the  same  streams, 
will  be  intercepted  by  the  Peseadero  Reservoir, 
and  pumped  back  to  the  tunnel. 

The  Peseadero  Reservoir  thus  becomes  in 
reality  a  large  regulating  reservoir,  the  with- 
drawal from  which  will  vary  at  such  rates  as 
the  character  of  the  season  and  good  manage- 
ment demand.  In  this  manner  the  Coast 
Streams  project  becomes  one  of  the  component 
parts  of  and  tributary  to  the  Crystal  Springs 
Reservoir. 

For  the  purpose  of  this  report  we  have  assumed 
a  maximum  working  pumping  capacity  of  50 
M.  G.  D.,  with  an  additional  spare  imit  of  25 
M.  G.  D.  Thus  in  times  of  flood,  estimated  to 
cover  sixty  days  per  season,  the  rate  of  pamping 
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SAFE  ULTIMATE  YIELD  OP  PENINSULA  SYSTEM  70  M.  G.  D. 


is  limited  by  the  thirty  M.  G.  D.  capacity  of  the 
100  M.  G.  D.  tunnel  that  is  provided  for  pumped 
water,  while  for  the  remaining  305  days  the  rate 
of  pumping  may  be  as  high  as  50  M.  G.  D.  In 
ease  of  urgent  necessity  the  spare  unit  may  also 
be  operated,  the  effort  being  to  transfer  the  water 
as  rapidly  as  possible  to  the  Crystal  Springs  Res- 
ervoir, to  leave  the  Pescadero  Reservoir  empty 
at  the  beginning  of  each  rainy  season. 

The  Coast  Streams  Will  Yield  over 
Fifty  Million  Gallons  Daily 
with  Pescadero  Reservoir. 

Plate  C!-3  shows  a  hydrograph  for  the  past  28 
seasons,  upon  which  is  indicated  the  total  run-off 
from  the  catchment  area  above  the  gravity  diver- 
sion. This  run-off  is  divided  into  that  portion 
which  flows  directly  into  Crystal  Springs  Reser- 
voir limited  to  a  rate  of  70  M.  G.  D.  and  that 
portion  which  escapes  to  the  Pescadero  Reservoir. 

Plate  G-4  consists  of  a  mass  curve  showing 
cumulatively  all  the  waters  which,  under  this 
plan,  would  have  reached  the  Pescadero  Reser- 
voir for  the  last  23  years.  On  this  mass  diagram 
are  also  shown  the  rates  of  pumping  required  to 
transfer  the  water  to  the  Crystal  Springs 
Reservoir. 

It  is  observed  that  pumping  at  the  rate  of  50 
M.  G.  D.  would  be  required  in  1889-90  and  in 
1890-91.  Between  1890-91  and  1903-04  pumping 
at  rates  up  to  about  46  M.  G.  D.  would  be  re- 
quired. The  spare  unit  would  be  used  in  addi- 
tion to  the  rated  pumping  capacity  in  the  sea- 
sons 1904-05  and  1907-08,  in  each  of  which  sea- 
sons the  rate  of  pumping,  except  when  limited  to 
30  M.  G.  D.  in  times  of  flood,  would  be  sustained 
at  75  M.  G.  D.  For  all  other  seasons  between 
1903-04  and  1911-12  the  maximum  rate  of  pump- 
ing would  be  50  M.  G.  D.,  the  final  result  being 
that  the  Pescadero  Reservoir  would  be  empty  to 
receive  the  floods  of  the  season  1912-13. 

By  this  combination  the  water  yield  of  the 
Coast  Streams  above  the  Pescadero  Reservoir 
from  a  catchment  area  of  about  65  square  miles 
would  average  50.2  M.  G.  D.  for  the  last  23  years. 

West  Union  Creek  Addition. 

The  upper  part  of  the  water  shed  of  "West 
Union  Creek,  including  McGarvey  Gulch,  em- 
braces an  area  of  3  square  miles.  The  larger 
portion  of  this  catchment  area,  including  the 


place  of  diversion  whence  it  is  proposed  to  con- 
struct a  tunnel  about  2800  feet  long  to  a  point 
near  the  southerly  end  of  Crystal  Springs  Reser- 
voir, is  now  owned  by  the  Spring  Valley  Water 
Company.  A  small  regulating  reservoir  will  be 
formed  by  means  of  a  dam  in  West  Union  Creek, 
and  practically  all  the  flood  waters  from  this  area 
will  be  diverted  into  the  Crystal  Springs  Reser- 
voir. 

This  area  is  covered  with  a  dense  growth  of 
redwoods  and  other  water-loving  trees.  For  the 
purposes  of  this  report  the  same  rate  of  run-off 
per  square  mile  has  been  assumed  that  has  been 
measured  in  the  Crystal  Springs  Reservoir  catch- 
ment area,  though  it  is  believed  that  this  is  much 
less  than  actually  occurs.  Figures  based  on  the 
above  show  that  this  catchment  area  will  produce 
an  average  run-off  of  1.54  M.  G.  D.  Floods  run- 
ning as  high  as  70  M.  G.  D.  per  square  mile  are 
anticipated,  and  the  tunnel  has  been  planned  ac- 
cordingly. 

Plate  G-5  shows  the  plan  of  the  diversion  dam 
iuid  tunnel,  their  location  being  indicated  on 
Plate  G-1. 

The  run-off  of  this  area,  as  computed  in  Ap- 
pendix "G,"  has  been  added  to  the  measured 
run-off  of  the  Crystal  Springs  records. 

Ultimate  Dependable   Yield  of  the 
Peninsula  System  Will  Be 
74  Million  Gallons  Daily. 

The  water  yield  from  the  Pilarcitos  and  San 
Andreas  Reservoirs  and  Lake  Merced  will  remain 
the  same  as  at  present.  That  of  the  Crystal 
Springs  Reservoir  will  be  increased  by  the  addi- 
tion of  the  Coast  Streams  and  the  West  Union 
Projects. 

The  quantity  of  water  which  will  reach  the 
Crystal  Springs  Reservoir  each  season  is  ob- 
tained by  adding  the  delivery  of  water  from  the 
Coast  Streams,  both  by  the  gravity  diversion  and 
by  pumping  from  the  Pescadero  Reservoir,  and 
that  from  the  West  Union  Creek  to  the  measured 
catchment  of  the  Crystal  Springs  Reservoir  for 
the  last  23  seasons,  after  correction  for  evapora- 
tion loss.  These  are  shown  cumulatively  in  the 
mass  diagram  Plate  1. 

From  this  mass  curve  it  is  found  that  with  a 
storage  of  63,000  M.  G.  a  gross  draft  of  66.7 
M.  G.  D.  may  be  made,  leaving  8000  M.  G.  in 
the  reservoir  at  its  lowest  stage.     This  will  re- 
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quire  a  dam  200  feet  high,  or  50  feet  higher  than 
the  present  crest. 

By  deducting  the  loss  for  evaporation  the  net 
dependable  yield  of  the  Crystal  Springs  Reser- 
voir becomes  60.7  M.  G.  D. 

In  deduction  for  evaporation,  allowance  has 
been  made  for  a  loss  of  li/^  M.  6.  D.  from  the 
surface  of  the  Pescadero  Reservoir  which  is  at 
the  rate  of  40"  per  year.  While  evaporation  to 
this  extent  would  take  place,  it  would  be  more 
than  compensated  for  by  the  gain  due  to  pro- 
cipitation  directly  on  the  surface  of  the  reser- 
voir. However,  full  deduction  for  evaporation 
has  been  made  in  order  that  the  results  of  this 
report  may  be  conservative. 

The  net  dependable  yield  of  the  Peninsula 
system  then  becomes  as  follows: 

Crystal  Springs  Reservoir 60.7  M.  G.  D. 

San    Andreas    Reservoir    and    Pilarcltos 

Reservoir    10.0 

Lake  Merced  3.5       " 

Total    74.2 

Plate  G-1  shows  the  proposed  development  of 
the  Peninsula  System,  not  including  Lake 
Merced. 

THE  ALAMEDA  SYSTEM. 

By  the  "Alameda  System"  is  meant  the  catch- 
ment area  of  the  Alameda  Creek  and  its  tribu- 
taries above  the  Sunol  Dam. 

The  main  tributaries  of  Alameda  Creek  are 
Calaveras,  Honda,  Upper  Alameda,  San  Antonio 
and  Laguna  Creeks,  the  two  main  branches  of 
the  latter  being  the  Arroyo  Mocho  and  the  Ar- 
royo del  Valle. 

The  combined  catchment  area  of  these  main 
ti'ibiitaries,  together  with  other  smaller  tribu- 
taries above  the  Sunol  Dam,  embraces  620.5 
square  miles,  distributed  over  Alameda,  Santa 
Clara  and  Contra  Costa  Counties.  It  reaches 
from  Mt.  Hamilton  on  the  south  to  Mt.  Diablo 
on  the  north,  and  is  bounded  on  the  east  by  the 
main  divide  of  the  Coast  Range  Mountains,  and 
on  the  west  by  the  top  of  the  ridge  lying  west 
of  Sinbad  and  Alameda  Creeks.  The  catch- 
ment area  is  nearly  all  mountains,  rough  and 
precipitous,  and  in  parts  practically  inaccessible. 
The  elevation  of  the  catchment  area  ranges  from 
about  200  feet  above  sea  level  at  Sunol  Dam  to , 
about  4400  feet  above  sea  level  at  Mt.  Hamilton. 

Where  not  too  precipitous,  the  mountains  are 
well  covered  with  a  growth  of  brush  and  trees. 


The  forest  covering  is  most  dense  in  the  westerly 
portion  of  the  catchment  area,  the  density  of 
vegetation  decreasing  toward  the  easterly  bound- 
ary. This  great  catchment  area  of  620.5  square 
miles  is  divided  into  two  main  geographical  di- 
visions : 

(a)  The  southerly  or  Calaveras  Basin,  which 
extends  southerly  from  Siuiol  for  a  distance  of 
31  miles  to  the  neighborhood  of  Mt.  Hamilton, 
containing  233.54  square  miles,  and 

(b)  The  easterly  or  Laguna  Basin,  which  ex- 
tends easterljr  from  Sunol  to  Livermore,  and 
thence  southerly  33  miles,  also  to  the  region  of 
Mt.  Hamilton,  having  a  length  of  42  miles  and 
containing  387.2  square  miles. 

For  the  purpose  of  analysis  the  whole  catch- 
ment area  has  been  divided  into  the  following 
subsidiary  areas : 

SiAsidiary  Catchment  Area.     Sq.  Miles.  Altitude. 

Livermore    Drainage 258.34  700  to  2,200  ft. 

Sunol   Drainage    49.08  200  to  2,000  ft. 

San  Antonio  38.70  500  to  3,800  ft. 

Upper  Alameda  35.32  900  to  3,800  ft. 

Arroyo  Valle  140.80  700  to  4,100  ft. 

Calaveras  98.30  700  to  4,400  ft. 

Withiu  the  Alameda  catchment  area  are  five 
locations  which  offer  excellent  opportunities  for 
the  conservation  of  water  in  very  large  amounts. 
Three  of  these — Calaveras,  San  Antonio  and 
Arroyo  Valle — are  valleys  of  considerable  size, 
with  narrow  dam  sites  at  their  lower  ends;  and 
two — Sunol  and  Livermore — are  very  deep  and 
extensive  gravel  deposits.  All  these  reservoirs 
will  be  utilized  in  the  development  herein  pro- 
posed. 

The  three  proposed  surface  storage  reservoirs 
are  within  the  mountains  and  are,  in  fact,  com- 
pletely surrounded  for  a  long  distance  in  all 
directions  by  lands  aggregating  37,000  acres,  the 
ownership  of  which  rests  in  the  Spring  Valley 
Water  Company.  Plate  No.  A-2  shows  the 
location  of  these  various  places  of  storage  with 
relation  to  the  Alameda  catchment  area,  as  well 
as  the  subsidiary  catchment  areas  above 
enumerated. 

Precipitation  on  the  catchment  area  is  largely 
in  the  form  of  rain,  though  in  the  higher  reaches 
much  of  it  is  in  the  form  of  snow.  The  propor- 
tion of  snow  and  rain,  of  course,  varies  greatly, 
according  to  the  character  of  the  season. 

Watershed  Protected  Better  Than 
That  of  Any  Other  Large  City. 

Of  the  620.5  square  miles  total  catchment  area, 
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550.5  square  miles  are  mountains,  and  70  square 
miles  are  valleys.  The  ownership  of  over  30,000 
acres  of  the  catchment  area  is  still  vested  in  the 
United  States  Government  and  the  remainder  is 
held  in  very  large  tracts.  Since  the  time  of  first 
settlement,  the  large  holdings  have  constantly 
been  increasing  in  size,  while  the  small  holdings 
have  been  decreasing  in  number. 

Because  these  upper  mountains  are  rough  and 
rugged  except  for  relatively  very  small  and  re- 
stricted areas,  they  are  totally  imfit  for  farming. 
For  this  reason  the  already  large  holdings  will 
continue  to  increase  in  size  and  the  small  hold- 
ings to  diminish  in  number. 

This  transformation  in  the  number  and  the 
size  of  holdings  has  been  accompanied  by  a 
corresponding  decrease  in  the  number  of  people 
living  within  the  vast  watersheds  above  the  reser- 
voirs. A  careful  canvass  recently  made  shows 
not  more  than  0.6  persons  per  square  mile. 

Comparing  the  population  within  the  catch- 
ment area  of  the  surface  storage  reservoirs  with 
that  of  other  large  cities,  we  have  the  following: 


studied  by  Messrs.  Burr,  Hering  and  Freeman  in 
their  investigations  of  the  underground  waters 
of  Brooklyn  as  a  part  of  the  water  supply  of 
Greater  New  York,  and  I  quote  their  findings 
(page  564) ,  as  follows : 


"In  a  sandy  soil  like  that  which  exists 
on  Long  Island  it  seems  probably  that  nearly 
all  of  the  ground  water  found  under 
natural  conditions  at  a  depth  of  more  than 
about  10  feet  is  perfectly  safe  for  drink- 
ing, provided  that  it  does  not  receive  any 
immediate  sub-surface  pollution,  and  pro- 
vided that  it  is  collected  in  such  a  way  as 
not  to  be  contaminated  from  above.  Any 
tubular  well  on  Long  Island  driven  to  a 
depth  of  more  than  10  or  15  feet,  and  not 
located  near  a  sub-surface  source  of  pollu- 
tion, will  probably  yield  water  safe  for 
drinking,  even  though  the  well  be  located  in 
a  comparatively  densely  populated  region." 


Regarding  the  same  underground  waters  in 
Brooklyn,  N.  T.,  Mr.  Freeman,  in  his  "New 
York's  Water  Supply",  on  page  540,  says: 


Place. 


Catchment  Area. 


New  York Croton 

New  York Bsophus 

Boston Wachusetls  . 

Boston Sudbery 

Boston Cochituate     

Rochester Hemlock  Lake  .  . . 

Syracuse Skaneateles  Lake 

San  Francisco      Calaveras 

San  Francisco San  Antonio 

San  Francisco Arroyo  Valle  .   . . . 


Area, 

Sq.  Mi. 

360.44 

255.00 

118.90 

75.20 

18.73 

43.00 

73.00 

133.80 

36.70 

141.00 


Pop.,   1910       Population    Mi.  of  R.  R. 


Census. 

23,019 

8,694 

5,282 

22,211 

4,877 

1,401 

2,795 

144 

20 

23 


Sq.  Mi. 

64.00 

34.00 

45.00 

294.00 

260.00 

33.00 

38.00 

1.08 

0.54 

0.16 


on  Area. 
78.0 
30.5 
35.5 
27.5 
14.1 

7.0 

0.0 

0.0 

0.0 

0.0 


Attention  is  called  to  the  very  small  popula- 
tion on  the  watersheds  above  the  surface  reser- 
voirs of  the  Alameda  System  as  compared  with 
that  of  large  Eastern  cities  of  the  United  States. 

Pure  Subterranean  Waters 

at  Sunol  and  Pleasanton. 

The  waters  taken  from  the  underground  reser- 
voirs (Livermore  Valley  and  Sunol  Valley)  filter 
naturally  through  gravel  for  a  long  distance 
before  being  withdrawn  for  consumption.  It 
takes  years  for  the  water  to  travel  from  where 
it  enters  the  gravel  to  where  it  is  taken  out,  and 
when  withdrawn  it  is  as  clear  as  crystal.  Be- 
cause this  filtration  continues  through  long 
periods  of  time  the  quality  of  the  water  will 
always  be  maintained  in  the  highest  state  of 
purity.  The  matter  of  the  purity  of  under- 
ground   water    was    carefully    and    thoroughly 


"It  is  therefore  probable  that  a  given 
barrelful  of  water  poured  into  the  ground 
at  B,  3  miles  from  the  wells,  would  be  at 
least  4  years  in  reaching  the  wells,  and  that 
any  pathogenic  bacteria  would  have  been 
nitrified  and  rendered  harmless — killed  by 
starvation  and  suffocation — before  reaching 
the  vicinity  of  the  wells." 

Up  to  the  present  time  none  of  the  large 
volume  of  flood  waters  have  been  impounded  in 
surface  storage  reservoirs,  all  the  water  with- 
drawn from  the  Alameda  System  being  taken 
from  the  gravel  reservoirs  either  at  Sunol  or 
Pleasanton.  These  waters  have  been  subjected 
to  rigid  bacteriological  analysis  by  Dr.  Geo,  W. 
McCoy,  M.  D.,  Bacteriologist,  under  the  direc- 
tion of  Dr.  Rupert  Blue,  M.  D.,  Medical  Officer 
in  Command,  United  States  Public  Health  and 
Marine  Hospital  Service.  In  their  report  they 
make  the  following  remarks: 
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"A.  Alameda  County  Supplies:  These 
supplies,  the  Pleasanton  Wells  and  the 
Calaveras  Creek,  the  latter  being  passed 
through  the  Sunol  Filter  Beds,  partake  of 
the  nature  of  deep  and  filtered  waters  re- 
spectively, and  consequently  a  much  higher 
bacteriological  standard  is  demanded  for 
them  than  for  the  waters  from  the  variour 
lakes.    The  results  are  as  follows: 


Bacteria 
p.  c.  c. 
Specimens  grown  at 

from  room  temp 

Pleasanton    Wells 

Gallery    3 


Bacteria 

p.  c.  0. 
grown  at    Colon  Bacilli 

37°  C.  in  10  c.  c. 


3  None. 

"These  supplies  may  be  dismissed  with  the 
statement  that,  judged  by  these  results,  they 
are  excellent  waters." 

Dr.  D'Ancona  Says  Alameda  Creek 

Waters  Are  Exceptionally,  Pure. 

Further,  as  to  the  quality  of  the  water  of  the 
Alameda  System  for  domestic  supply,  I  quote 
from  Dr.  D'Ancona  who,  while  Chairman  of  the 
Health  Committee  of  the  Board  of  Supervisors 
of  the  City  and  County  of  San  Francisco,  made 
the  following  statement: 

"For  the  sake  of  the  record  I  want  to 
say  that  the  Board  of  Supervisors  a  year  ago 
directed  the  Board  of  Health  to  have  the 
City  Chemist  and  City  Bacteriologist  ex- 
amine the  waters  of  the  Alameda  Creek 
System.  They  started  to  have  the  waters 
of  the  entire  system  examined,  but  that 
proved  to  be  too  burdensome,  and  it  seems 
to  me  that  the  people  of  the  City  and  the 
Spring  Valley  Water  Works  are  entitled  to 
the  results  of  those  examinations.  They 
showed,  that  the  waters  of  the  Alameda 
Creek  System  are  of  exceptional  purity.  It 
is  a  question  whether  any  city  in  the  Uni- 
ted States  has  a  water  source  that  is 
hygienically  as  good  as  the  water  from  the 
Alameda  Creek  System.  I  think  the  Spring 
Valley  Water  Works  are  entitled  to  that 
knowledge,  and  the  people  of  San  Francisco 
certainly  ought  to  know  that  the  water  from 
the  main  source  of  the  city  supply  is  hy- 
gienically good  and  of  exceptional  purity." 

Kegarding  the  value  of  bacteriological  analysis 
of  domestic  water  supply.  Prof.  Newton,  the 
noted  London  authority,  says : 

"Bacteriology  is  the  most  direct  and  deli- 
cate test  of  the  safety  of  water  for  drink- 
ing purposes." 

Results  of  examinations  as  above  noted  con- 
firm the  opinions  of  Messrs.  Burr,  Hering  and 
Freeman  in  their  "Report  of  the  Commission  on 
Additional  "Water  fSupply  for  the  City  of  New 


York, ' '  and  that  of  Mr.  Freeman  in  his  ' '  Report 
on  New  York's  Water  Supply,"  above  quoted. 

J.  R.  Freeman  Says  Underground 

Waters  Are  Better  and  Cheaper 
than  Surface  Waters. 

From  the  foregoing  it  is  plain  that  the  quality 
of  the  water  to  be  developed  in  the  Alameda  Sys- 
tem is  the  best  that  can  be  secured  for  domestic 
purposes,  and  that  the  underground  storage  res- 
ervoirs are  of  great  value  as  a  component  part  of 
the  Alameda  System.  Regarding  the  value  of 
underground  supplies,  Mr.  J.  R.  Freeman,  in  dis- 
cussing the  value  of  the  underground  supply  on 
Long  Island,  on  page  537  of  his  ' '  Report  on  New 
York 's  Water  Supply, ' '  says : 

"I  am  inclined  to  regard  the  underground 
water  stored  in  the  interstices  of  the  satu- 
rated yellow  gravel  above  the  Hue  clay, 
as  affording  the  very  test  of  storage,  ample 
in  volume,  removed  from  pollution,  and  in 
many  ways  cheaper  and  tetter  than  the 
storage  to  6e  attained  from  surface  ponds 
or  reservoirs,  and  would  be  led  to  seek  some- 
what different  means  of  taking  out  the 
ground  water  than  those  heretofore  em- 
ployed. It,  at  present,  appears  to  me  to  be 
preferable  to  tap  the  saturated  upper  gravel 
at  a  depth  of,  say,  40  or  50  feet,  at  such 
frequent  intervals  that  the  level  of  the  water 
table  would  not  be  so  much  disturbed 
locally  as  by  the  present  methods  of  driven 
wells  and  pumping  stations  a  mile  or  so 
apart. 

"In  the  past,  the  surface  streams  and  sur- 
face storage  have  stood  first  in  favor  and 
the  ground  water  taken  as  a  last  resort. 
I  telieve  this  order  of  preference  can  te  re- 
versed with  protatle  advantage  in  safety 
to  health  and  in  economy  of  construction 
and  in  the  lessening  of  damage  claims." 

J.  R.  Freeman  Says  Yield  of 

Underground  Sources  May  he 
Determined  With  Certainty. 

On  pages  538  and  539  of  the  same  report,  as  to 
the  possibility  of  determining  the  safe  yield  from 
an  underground  source,  Mr.  Freeman  says : 

"The  area  of  the  subterranean  watershed 
can  be  learned  in  advance  with  sufficient 
accuracy  to  permit  reliable  estimates  of  the 
safe  yield  of  wells  at  a  given  locality. 

"Water  flows  'down  hill'  in  percolating 
through  porous  gravel  just  as  certainly  as 
on  the  surface,  and  by  determining  the  ele- 
vation of  the  ground  water  and  plotting  its 
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contours,  mucli  as  Mr.  Kirkwood  deter- 
mined it  in  some  of  his  earlier  studies  on 
the  Brooklyn  supply,  the  direction  of  flow 
and  the  true  limit  of  the  watershed  could  he 
made  known  with  certainty." 

and  on  pages  541  and  542  of  the  same  report  he 
further  says: 

"With  a  well  tapping  the  saturated  gravel 
at  50  feet  below  the  surface  the  water  may 
be  expected  to  have  become  sterile  by  the 
time  it  has  reached  the  point  of  withdrawal 
even  though  polluted  on  the  surface. 

"Out  of  the  mean  annual  rainfall  of  43.3 
inches  assume,  as  before,  that  24  inches,  or 
2  feet  in  depth,  soaks  down  into  the  porous 
gravel.  If  the  gravel  contained  33  per  cent, 
of  voids,  then  this  2  feet  of  rain  soaking  into 
the  ground  in  each  year  would,  as  it  slowly 
moved  downward,  if  drawn  off  from  the  bot- 
tom, occupy  a  vertical  space  of  6  feet,  some- 
what as  indicated  in  Figure  105. 

-..,,.    Surfacre-of  Girnnnrf 
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"If,  therefore,  we  were  certain  that  the 
gravel  were  equally  pervious  at  all  places — 
and  it  does  appear  to  be  nearly  so — we  would 
be  fairly  certain  that  rain  water  falling 
near  the  line  of  the  wells  and  polluted  by 
matters  on  or  near  the  surface,  would  either 
be  carried  by  and  out  to  sea,  if  the  draft  by 
the  well  were  a  small  portion  of  the  whole, 
or  if  the  wells  were  taking  nearly  the  entire 
average  yield,  5  or  6  years  would  elapse  be- 
fore it  sank  to  the  level  of  the  well-point 
apertures  through  which  it  would  be  with- 
drawn; and  in  the  meantime  it  would  have 
become  thoroughly  treated  by  very  slow  sand 
filtration  and  any  bacteria  taken  from  the 
surface  destroyed  or  starved. 

"Considering  in  combination  the  prin- 
ciples stated  in  the  two  paragraphs  above, 
and  sketching  the  path  of  the  rainfall  on  its 
way  to  the  wells  in  Figure  106,  it  appears 
pretty  nearly  certain  that  any  water  reach- 
ing the  wells  either  from  near  or  distant 
points  must  have  become  thoroughly  filtered 
on  the  way,  and  that  the  health  of  the  com- 
munity will  6e  much  safer  when  using 
ground  water  properly  collected  than  when, 
as  now,  taking  the  main  supply  from  sur- 
face drainage  and  from  the  surface  outcrop 
of  ground  water  and  from  open  ponds  in 
which  algae  or  bacteria  may  thrive  and  into 
which  a  heavy  shower  may  wash  noxious 
matter  from  adjacent  roads  or  fields." 


Ocean 


Fig.  106 

As  to  the  efficiency  of  an  underground  reser- 
voir, Mr.  J.  R.  Freeman,  in  discussing  the  Long 
Island  underground  supply  in  the  same  report, 
on  page  546,  says : 

"This  is,  without  doubt,  one  of  the  most 
remarkable,  most  extensive  and  most  uni- 
form gravel  deposits  in  the  world,  and  it 
would  be  difficult  to  imagine  more  ideal  con- 
ditions for  the  gathering  of  a  large  and  un- 
failing ground  water  supply.  All  require- 
ments for  the  expense  of  storage  reservoir 
is  rendered  unnecessary,  for  the  interstices 
of  the  ground  form  a  more  capacious  stor- 
age than  is  ever  constructed  by  damming 
and  flooding  a  valley  and  this  subterranean 
reservoir  is  shielded  from  evaporation  and 
from  pollution,  and  will  in  all  probability 
yield  a  larger  safe  yield  per  square  mile  of 
watershed  than  the  highest  line  on  Figure 
49." 

The  Only  Problem  Is  Amount 
of  Water  that  Alameda 
System  Will  Yield. 

The  quality  of  the  water  being  the  best,  the 
problem  resolves  itself  into  one  of  quantity. 
Stated  in  other  words :  When  the  Alameda  Sys- 
tem is  completely  developed,  what  will  be  the 
safe  annual  withdrawal  that  may  be  made  from 
it? 

This  will  be  decided  mainly  by  the  following 
factors : 

1.  Precipitation — amount,  distribution  and  oc- 
currence. 

2.  Run-oft". 

3.  Storage. 

4.  Other  methods  of  conservation. 

5.  Losses :    Evaporation  and  waste. 

6.  Efficiency  of  operation. 

Over  the  first  factor  we  have  no  control;  the 
second  may  be  modified  to  a  slight  degree  by 
forestation;  while  the  other  factors,  with  the 
exception  of  evaporation,  may  be  largely  regu- 
lated by  artificial  measures. 

To  satisfactorily  analyze  the  problem  in  hand, 
it  is  essential  to  segregate  the  run-off  into  that 
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which  is  tributary  to  the  various  storage  reser- 
voirs, both  surface  and  underground,  that  it  is 
proposed  to  utilize  in  developing  and  perfecting 
the  Alameda  Project. 

Where  sufficient  detail  run-off  data  are  avail- 
able, the  problem  is  very  much  simplified,  but 
where  such  data  are  incomplete  an  intimate 
knowledge  of  the  catchment  areas  is  essential, 
that  the  run-off  data  may  be  used  in  conjunction 
with  those  of  the  available  rainfall.  Measured 
run-off  data  are  available  for  a  long  period  in 
Alameda  Creek  below  Sunol,  and  for  shorter 
periods  at  other  points  within  the  watershed, 
the  more  important  of  which  are  at  Calaveras 
and  Arroyo  Valle  Reservoir  sites. 

Because  of  the  fact  that  run-off  data  are  not 
available  over  all  of  the  catchment  areas,  indirect 
methods  must  be  employed  in  order  to  determine 
the  distribution  of  the  run-off  to  the  various 
catchment  areas. 

Good  Judgment  and  Intimate 
Knowledge  of  Local 
Conditions  Essential. 

Judgment,  based  on  intimate  Imowledge,  both 
as  to  western  conditions  in  general  and  as  to  local 
conditions  within  the  Alameda  watershed  in  par- 
ticular, must  be  used  in  combining  the  rainfall 
and  run-off  data.  Because  of  these  ramifica- 
tions the  problem  becomes  involved  and  complex. 

Several  methods  to  distribute  the  total  run-off 
from  an  entire  catchment  area  into  the  propor- 
tional parts  originating  in  its  subsidiary  catch- 
ment areas  are  common  in  engineering  practice. 
All  of  these  are  dependent  to  a  greater  or  less 
degree  upon  rainfall  and  judgment.  Though  in 
the  last  analysis  the  source  of  all  run-off  is  rain- 
fall, j'et  an  absolutely  rigid  relation  between  the 
annual  run-off  and  the  annual  rainfall  does  not 
exist. 

This  is  due  to  the  fact  that  run-off  depends 
also  upon  other  important  factors,  such  as  the 
occurrence  and  intensity  of  the  rainfall.  Thus, 
if  a  heavy  rainfall  is  well  distributed  over  sev- 
eral months,  the  resulting  run-off  will  be  less 
in  quantity  than  if  the  same  rainfall  had 
occurred  in  a  shorter  time.  The  character  of 
the  watershed  is  also  a  large  factor  to  be  con- 
sidered, as  well  as  the  position  of  the  ground 
water  within  the  catchment  area.  This  latter 
factor  cannot  be  expressed  in  figures.     With  a 


number  of  observations,  however,  average  rela- 
tions may  be  obtained,  which,  in  lieu  of  actual 
measurements  and  when  used  with  discretion, 
serve  closely  to  approximate  the  distribution  of 
run-off'  that  is  required  for  this  stud3^ 

The  Rainfall  Must  Be  Studied 
Carefully. 

It  has  been  necessary  to  make  a  careful  study 
of  the  rainfall  in  order  to'  arrive  at  an  accurate 
determination  of  the  run-off  in  the  Alameda 
System. 

Climatic  conditions  along  the  Pacific  Coast  are 
much  more  favorable  for  an  analysis  of  run-off 
based  on  rainfall,  than  is  the  case  at  other  places 
in  the  United  States. 

The  reason  for  this  is  that 'although  there  may 
be  wide  variation  within  the  season  between 
nearby  rainfall  stations,  the  seasonal  rainfall  at 
any  one  station  is  a  very  fair  index  of  the  rain- 
fall at  other  stations  in  that  vicinity. 

Long  records  of  rainfall  are  therefore  of  great 
value  in  expanding  shorter  records  in  the  same 
general  region.     Advantage  has  been  taken  of 
this  by  many  engineers  in  the  development  and 
solution  of  water  problems  on  the  Pacific  Coast, 
and  this  method  was  lately  used  by  Mr.  C.  E. 
Grunsky,  then  City  Engineer,  in  his  investiga- 
tion of  the  resources  of  the  water  supply  of  San 
Francisco.     Regarding  the  reliability  of  a  single 
rainfall  record  in  California  as  an  index  of  rain- 
fall in  that  region,  Mr.  Grunsky,  on  pages  497 
and  498  of  Vol.  61  of  the  "Transactions  of  the 
American  Society  of  Civil  Engineers,"  says: 
"Rain  does  not  fall  in  California  in  every 
month  of  the  year,  as  in  the  Eastern  States. 
The  rainy  season  begins   in  November  and 
ends  in  April.     So  little  rain  falls  from  May 
1st  to  the  end  of  October  that  this  period 
may  be   called   rainless.     There   is   no   rain 
during  this    period    which    has    any   effect 
worthy  of  note  upon  the  flo-pr  of  streams. 

"Throughout  the  State,  however,  there  Is 
great  variation  in  the  normal  annual  rain- 
fall, and,  in  the  coast  and  central  valleys, 
this  is  generally  from  15  to  30  in.  It  rises 
to  more  than  70  in.  in  the  Sierra  Nevada 
Mountains,  150  miles  northeasterly  from  San 
Francisco,  and  to  more  than  90  in.  in  the 
extreme  northwesterly  portions  of  the  State; 
it  is  only  10  in.  at  some  points  of  Sacra- 
mento Valley,  and  less  than  6  in.  in  parts  of 
San  Joaquin  Valley;  it  drops  to  only  2  to 
3  in.  in  the  Cahuilla  (Salton)  Basin.  One 
feature,   however,   is   especially   noteworthy. 
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The  rain  storm  is  ordinarily  an  atmospheric 
disturbance  of  large  extent.  It  is  not  of  the 
same  nature  as  eastern  thunder  storms,  hut 
is  of  the  general  type  of  winter  storms 
which,  in  the  East  as  in  the  West,  sweep  over 
vast  areas.  Owing  to  the  wide  distribution 
of  rain  in  ordinary  rain  storms,  and  to  the 
freedom  from  local  storms,  the  rainfall  rec- 
ords at  single  stations  are  better  indices 
of  the  amount  of  precipitation  on  large  tracts 
than  is  ordinarily  the  case  for  records  of 
rain  in  the  East  and  in  the  Middle  West. 

"With  a  view  of  illustrating  the  breadth 
of  the  storm  area,  it  may  be  stated  that  the 
same  atmospheric  disturbances  which  brings 
rain  to  the  Pacific  Coast  northerly  from  Cali- 
fornia, also  brings  rain  to  (or  threatens 
with  rain)  all  northern  and  central  parts  of 
California  as  far  south  as  Tehachapi,  where 
a  mountain  spur  connects  the  Coast  Range 
with  the  Sierra  Nevada  Mountains.  As  a 
rule,  the  greater  the  fall  of  rain  at  central 
points  of  this  storm  area  the  greater  the 
surface  extent  of  any  cyclonic  disturbance. 
The  recurrence  of  rain  storms  (from  six  to 
twenty  in  a  rainy  season  of  6  months)  has 
the  usual  equalizing  effect  of  repetition,  and 
thereby  increases  the  probability  that  the 
fall  of  rain  in  the  course  of  a  year,  at  any 
point  of  the  central  and  northern  portions 
of  California,  will  bear  a  fairly  uniform  re- 
lation to  the  rainfall  at  some  central  point 
of  observation,  such  as  San  Francisco  or 
Sacramento.  Exceptions  to  such  a  law  are 
sure  to  occur,  and  have  occurred.  A  notable 
exception  was  the  rain  distribution  in  1867- 
68,  in  which  an  abnormally  heavy  fall  of 
rain  in  the  mountain  region  tributary  to  the 
San  Joaquin  Valley  was  not  indicated  by  the 
rainfall  conditions  of  that  year  at  points  in 
latitudes   northerly  from   San  Francisco." 

Long  Rainfall  Record  Is  a  Very 
Good  Index  of  Precipitation 
Around  San  Francisco  Bay. 

This  phenomenon  has  been  used  in  utiliz- 
ing many  of  the  short  and  otherwise  useless 
records  within  the  watershed  of  Alameda  Creek. 
This  is  particularly  true  of  the  large  number  of 
records  in  the  neighborhood  of  Mt.  Hamilton 
which  are  given  by  Messrs.  Haehl  &  Toll,  on 
pages  534  and  535  of  Vol.  61  of  the  Transactions 
of  the  American  Society  of  Civil  Engineers.  By 
comparison  with  longer  records  and  by  means  of 
primary  and  secondary  base  stations  all  available 
rainfall  records  have  been  expanded  to  63  years, 
and  isohyetose  lines  have  been  constructed  which, 
it  is  believed,  represent  very  closely  the  normal 
annual  rainfall  at  all  points  within  this  water- 


shed. These  are  shown  on  Plate  A-2.  The  nor- 
mal annual  rainfall  varies  between  about  32 
inches  at  Mt.  Hamilton  and  about  14  inches  near 
Altamont. 

The  mean  area  rainfall  for  the  various  catch- 
ment areas  for  the  last  63  years  has  been  de- 
termined to  be  as  follows: 

Mean  Area 
Rainfall 

for 
63-Tear 
Name  of  I>rainage  Area.  Area  in       Period 

Sq.  Miles,  in  Inches. 

Calaveras  Creek  98.30  28.55 

Alameda 35.32  27.75 

San  Antonio   38.70  23.93 

Arroyo  Valle  140.80  20.80 

Drainage  of  Sunol  Gravels 49.08  23.00 

Livermore  Gravels  Drainage,  includ- 
ing  Arroyo    Mocho    and    floor   of 

Valley    258.34  18.55 

Total  area   620.54  21.84 

In  Appendix  "A"  is  given  the  detailed  study 
of  the  rainfall  determinations  and  the  methods 
by  which  the  mean  area  rainfalls  for  each  catch- 
ment area  for  each  of  the  last  63  years  were 
obtained. 

Appendix  "A"  has  been  prepared  by  Mr.  J. 
J.  Sharon,  Assistant  Engineer,  in  the  Engineer- 
ing Corps  of  the  Spring  Valley  Water  Company. 
Mr.  Sharon  is  equipped  with  a  very  intimate 
knowledge  of  the  hydrology  of  this  region  by 
reason  of  the  fact  that  for  many  years  he  was 
assistant  to  Mr.  Hermann  Schussler. 

Measurements  of  Stream  Flow 
Have  Been  Made. 

The  run-off  of  the  whole  Alameda  System  has 
been  measured  at  Niles  and  Sunol  Dams  for  the 
last  23  years,  and  shows  an  average  daily  flow  of 
145.00  M.  G.  D.  for  that  period. 

At  Calaveras  the  run-ofE  has  been  measured  for 
the  seasons  of  1898-99  to  1907-08  and  1910-11  to 
1911-12,  and  shows  an  average  daily  flow  per 
year  ranging  from  25.21  M.  G.  D.  to  81.83  M. 
G.  D. 

At  Arroyo  Valle  the  run-off  has  been  measured 
for  the  seasons  of  1904-05  to  1907-08,  and  shows 
an  average  daily  flow  per  year  ranging  from  9.25 
M.  G.  D.  to  87.03  M.  G.  D.  Measurements  cover- 
ing less  than  one  season  have  been  made  on  the 
Laguna,  Arroyo  Mocho,  the  Positas  and  San 
Antonio  Creeks. 

Comparing  the  actual  measured  run-off  at 
Sunol  with  that  at  Calaveras  and  Arroyo  Valle 
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for  the  periods  covered  by  the  two  latter  we  have 
the  following: 

Arroyo 
Sunol       Cal.      Valle 
Seasons  Tears    620.5        98.3       140.8 

sq.  mi.  S(j.  mi.  sq.  mi. 
M.G.D.  M.G.D.  M.G.D. 

1898-9  to  1907-8  10  109.7  50.7 

1898-9  to  1907-8  and  1910-12     12  115  50.4 

1904-5  to  1907-8  4  146  60.4      38.5 

1904-5  to  1907-8  and  1910-12       5  122.7  51.5      31.4 

NOTE:  Prior  to  1900  the  Alameda  Creelc  was  measured 
at  Niles  Dam,  the  tributary  catchment  area  being  631.0 
square  miles;  since  1900  it  was  measured  at  Sunol  Dam, 
the  tributary  catchment  area  being  620.5  square  miles. 

Alameda  Creek  Measurements 
Covering  Period  of  23  Years 
Are  Conservative. 

Measurements  have  been  taken  of  the  run-off 
of  Alameda  Creek  for  the  last  23  years,  as  pre- 
viously stated,  the  measurements  being  taken  at 
Niles  Dam  prior  to  1900  and  at  Sunol  Dam 
since  1900. 

Daily  gage  heights  were  kept  at  the  Niles  Dam 
from  1889  to  1900.  In  1900  the  Sunol  Dam  be- 
came the  place  of  measurement  of  the  Alameda 
Creek,  and  gage  heights  were  taken  daily  during 
low  water  flow  and  at  more  frequent  intervals 
during  flood,  the  frequency  depending  upon  the 
fluctuations  in  water  depth  over  the  dam.  Dis- 
charge was  computed  by  the  ordinary  weir 
formula,  no  allowance  being  made  for  the  great 
increase  of  flow  due  to  velocity  of  approach  nor 
to  decrease  due  to  submergence.  Recently  these 
discharges  have  been  recomputed  from  the  origi- 
nal data  by  a  commission  composed  of  Mr.  C.  E. 
Grimsky,  Consulting  Engineer;  Prof.  C.  D. 
Marx,  Professor  of  Civil  Engineering  at  Stan- 
ford University,  and  Prof.  Charles  Gilman  Hyde, 
Professor  of  Sanitary  Engineering  at  the  Univer- 
sity of  California.  These  gentlemen  were  ap- 
pointed by  the  City  of  San  Francisco,  at  the  re- 
quest of  Mr.  J.  E.  Freeman. 

In  examining  the  original  records  this  commis- 
sion found  that  in  previous  computations  over  a 
considerable  period  of  the  years  1901  to  1903, 
gage  rod  readings  4I/2"  to  6"  less  than  the  ac- 


tual were  used  by  the  Spring  Valley  Water  Com- 
pany, so  that  regardless  of  what  formula  or 
method  be  used  in  the  computations  of  flow,  the 
discharge  over  Sunol  Dam  would  be  very  ma- 
terially increased  for  these  years.  They  kindly 
called  my  attention  to  these  errors. 

Professor  Le  Conte  Makes 
Scientific  Analysis. 

At  about  the  same  time  that  these  gentlemen 
were  engaged  in  these  recomputations,  I  re- 
quested Prof.  J.  N.  Le  Conte,  the  eminent 
hydraulic  specialist  of  the  University  of  Califor- 
nia, to  make  an  independent  determination  of  the 
discharge  curves  to  be  used  in  computing  the 
flow  over  Niles  and  Sunol  Dams.  After  very 
careful  consideration,  he  elected  to  make  a  series 
of  experiments  with  models  1/20  of  the  actual 
size  of  these  structures.  He  went  into  the  ques- 
tion of  submergence  and  of  velocity, of  approach 
in  detail,  and  by  means  of  recognized  hydro- 
dynamic  laws  constructed  a  discharge  curve  for 
each  of  these  dams  which  I  believe  is  more 
reliable  than  any  theoretic  deductions  unsup- 
ported by  experiment  on  these  exact  types  of 
dams. 

Computation  of  discharge  from  channel  meas- 
urements check  the  results  foimd  by  Prof.  Le 
Conte  for  high  water  stages. 

Prof.  Le  Conte 's  report  on  his  experiments  was 
made  available  to  Messrs.  Grunsky,  Hyde  and 
Marx,  and  it  is  to  be  regretted  that  the  results  of 
the  work  of  these  gentlemen  were  suppressed. 
Prof.  Le  Conte 's  report,  together  with  inde- 
pendent channel  and  weir  computations  for  the 
highest  stage  of  water  in  the  flood  of  March, 
1911,  made  by  Mr.  T.  W.  Espy,  are  given  in 
Appendix  "C." 

From  Prof.  Le  Conte 's  curves  and  the  original 
data,  I  have  recomputed  the  discharge  of  Ala- 
meda Creek  for  the  23  years  ending  July  1,  1912. 
These  are  given  in  detail  in  Appendix  "B"  on 
' '  run-off, ' '  prepared  by  Mr.  J.  J.  Sharon,  a  sum- 
mary of  same  being  as  follows: 
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Results  in  Bulletin  No.  81 
Are  Too  Low. 

A  partial  estimate  of  the  flow  of  the  Alaraecla 
Creek  over  Niles  Dam  from  1889  to  1900  is  given 
in  Water  Supply  Paper  No.  81,  of  the  U.  S. 
Geological  Survey,  which  is  a  compilation  of  a 
great  many  water  measurements  in  California 
prior  to  1902.  Accuracy  in  the  results  pub- 
lished therein  is  particularly  disclaimed  by  the 
author. 

The  estimates  of  flow  in  AlarneJa  Creek,  given 
in  this  bulletin,  were  obtained  from  a  series  of 
daily  gage  heights  indicating  the  depth  of  water 
over  the  Niles  Dam  as  given  in  a  certain  Exhibit 
No.  11,  in  the  case  of  "Clough  vs.  the  Spring 
Valley  Water  Company",  in  the  Superior  Court 
of  Alameda  County,  no  discharges  whatever  be- 
ing given  in  this  or  any  other  exhibit  in  this 
case. 

Taken  over  the  period  covered,  the  estimates 
given  in  Water  Supply  Paper  No.  81  give  results 
about  32%  less  than  those  used  by  the  Spring 
Valley  Water  Company  prior  to  the  Le  Gonte  ex- 
periments, and  about  37%  less  than  those  de- 
termined from  the  Le  Conte  experiments. 

It  is  a  striking  fact  that  in  periods  of  low 
water  flow  the  estimates  in  Bulletin  No.  81  are 
in  excess  of  those  of  the  Spring  Valley  Water 
Company,  while  in  flood  periods  they  are  very 
much  smaller. 

Realizing  that,  by  reason  of  the  fact  that  nc 
allowance  had  been  made  for  the  great  effect  of 
high  velocities  of  approach  in  the  unrevised  dis- 
charge tables  of  the  Spring  Valley  Water  Com- 
pany, the  ciuantities  contained  therein  should 
properly  be  increased  instead  of  diminished, 
search  was  made  for  the  books  of  the  U.  S.  Geo- 
logical Survey  which  contained  the  computations 
of  the  discharge  over  Niles  Dam  given  in  Bulletin 
81.  Mr.  Lippincott,  who  had  gathered  the  data 
from  which  the  results  in  this  bulletin  were  com- 
piled, found  the  computations  in  four  books  in 
the  Los  Angeles  Office  of  the  IT.  S.  Geological 
Surveys.  (Nos.  281,  282,  283  and  284.) 

An  Amazing  Mistake. 

The  sketch  on  the  front  page  of  book  No.  281 
f-hows  that  a  weir  crest  60  feet  long  was  used 
throughout  in  making  the  computations,  the 
depth  of  the  60-foot  notch  in  the  Niles  ^^-eir  being 
considered  as  13  1-2  feet  high  instead  of  13  incites 


as  is  the  actual  condition.    Plate  2  is  a  photostat 
of  the  front  page  of  book  No.  281. 

Thus  it  is  seen  that  when  the  depth  of  water 
was  over  12  inches,  less  than  one-half  the  proper 
cross-sectional  area  of  the  stream  Avas  nsed,  which 
obviously  gave  results  that  in  some  cases  were 
less  than  50  per  cent  of  the  proper  amount. 
On  Plate  2- A  (page  19)  is  shown  the  cross- 
sectional  area  used  in  bulletin  No.  81  together 
with  that  which  was  omitted,  but  which  should 
have  been  used  in  addition  to  what  was  used. 

Floods  Were  not  Included. 

In  some  places  where  Exhibit  No.  11  indicated 
a  crest,  length  of  120  feet,  the  man  who  com- 
puted the  discharges  in  Bulletin  No.  81  was  evi- 
dently at  a  loss  to  know  what  to  do.  The  result 
was  that  he  omitted  entirely  the  discharge  on 
these  dates.  Obviously  this  increased  the  error 
in  this  work. 

Numerous  trials  reveal  the  fact  that  in  com- 
puting the  discharge,  summation  of  which  is 
given  in  Bulletin  No.  81,  the  ordinary  Francis 
weir  formula  was  used,  no  allowance  being  made 
for  either  the  increase  due  to  velocity  of  ap- 
proach or  the  decrease  due  to  submergence. 

It  is  therefore  seen  that  the  partial  records 
of  the  discharge  of  Alameda  Creek,  as  given  in 
Water  Supply  Paper  No.  81,  are  of  no  value 
whatsoever. 

Calaveras  Has  Record  of  Twelve 
Years'  Stream  Flow. 

Eun-off  measurements  at  Calaveras  Creek  are 
available  for  the  periods  1898-9  to  1907-8  and 
1910-11  to  1911-12.  Discharges  from  the  original 
measurements  have  been  recomputed,  the  details 
being  given  in  Appendix  "B". 

Records  of  computation  for  the  period  1898- 
1903  are  not  available,  though  computations  of 
the  period  1903-4  to  1907-8,  made  under  the  di- 
rection of  Mr.  Cyril  Williams,  Jr.,  are  avail- 
able. 

The  computations  of  the  period  1898-9  to 
1902-3,  as  given  in  this  report,  have  been  made 
by  Mr.  Sharon  imder  my  direction,  while  the 
recomputation  of  the  so-called  Williams  meas- 
urements has  been  made  under  the  direction  of 
Jlr.  G.  G.  Anderson,  Consulting  Engineer,  who 
has  had  vast  experience  in  hydraulic  problems 
in  Colorado  and  contiguous  states,  as  well  as  on 
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the  large  hydraulic  developments  in  various  parts 
of  British  Columbia. 

The  results  of  the  recomputations  for  the 
period  1903-8  differ  considerably  from  the  pre- 
vious computation  made  under  the  direction  of 
Mr.  Cyril  Williams,  Jr.,  and  used  heretofore  by 
the  Spring  Valley  Water  Company. 

Following  is  a  record  of  new  computations  and 
a  comparison  of  the  results  with  those  made  un- 
der the  direction  of  Mr.  Williams. 

CALAVERAS  GAGINGS. 

Anderson's  Williams' 

Season.  computation.  computation. 

1903-04 19,380  M.G.  16,485  M.  G. 

1904-05 14,902     "  16,503 

1905-06 26,962     "  32,551 

1906-07 37,146     "  54,407 

1907-08 9,203     "  14,147 

Arroyo  Valle  Has  Five  Years' 
Stream  Flow  Record. 

Kmi-off  measurements  at  Arroyo  Valle  are 
available  for  1904-5  to  1907-8  and  a  part  of 
1911-12. 

We  have  been  unable  to  find  the  original  rec- 
ords in  the  files  of  the  Spring  Valley  Water 
Company,  and  Mr.  Cyril  Williams,  previously  in 
the  employ  of  the  Spring  Valley  Water  Com- 
pany, states  that  the  earlier  ones  were  outside  of 
the  vault  in  the  fire  of  1906  and  were  conse- 
quently destroyed.  Fortunately,  however,  I  ob- 
tained a  copy  of  the  records  from  Mr.  F.  Gainor, 
who  was  watchman  at  the  Arroyo  Valle  at  that 
time  and  made  a  copy  of  the  records  he  took. 
This  copy  was  used  in  computing  the  discharge 
of  Arroyo  Valle  for  the  period  1904-5  to  1907-8. 
The  measurements  for  a  part  of  1911-12  were 
made  by  current  meters  and  weirs.  The  results 
of  these  computations  are  as  follows : 
ARROYO  VALLE  RUN-OF'P 
From  F.  Gainor's  Gagings — In  Seasons. 


July   

Aug".    

Sept 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 2,290 

Apr 

May    

June    .... 


1904-5 

1905-6 

1906-7 

1907-8 

M.G. 

M.G. 

M.G. 

M.G. 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*30 

*50 

*30 

*30 

*30 

*60 

*30 

*30 

*30 

*200 

*50 

1,495 

294 

*500 

6,234 

10,618 

1,613 

589 

788 

1,195 

1,095 

2,290 

7,967 

18,125 

*100 

222 

1,457 

*100 

*60 

185.70 

199 

*80 

*30 

*60 

36 

*30 

*30 

Totals  ....   4,246.70    16,881  31,793 

NOTE:      • — Indicates  estimated  quantity. 


3,372 


The  Niles-Sunol  record  of  Alameda  Creek  is 
the  only  one  that  is  long  enough  to  give  repre- 
sentative results,  as  it  covers  cycles  of  wet  and 
dry  years. 

From  these  records  with  the  aid  of  run-off 
data  available  for  the  subsidiary  catchment  areas 
and  the  corresponding  rainfall  records,  a  run- 
off curve  has  been  plotted  for  each  subsidiary 
catchment  area.  These  run-off  curves  represent 
average  results  for  various  rainfalls  and  are 
used  for  the  period  1849-50  to  1889-90  by  apply- 
ing to  them  their  respective  mean  area  rainfall. 
They  are  shown  on  Plates  Nos.  B-1  to  B-4,  in- 
clusive, Appendix  "  B  ". 

It  is  realized  that  a  single  run-off  curve  for  a 
catchment  area  will  give  only  average  results, 
and  that  any  single  determination  from  such  a 
curve  may  be  either  considerably  less  or  consid- 
erably more  than  the  actual  run-off.  Such  curves 
serve  their  purpose  very  well  where,  as  in  this 
case,  they  are  used  to  ascertain  whether  the 
record  in  hand,  covers  all  conditions  of  wet  and 
dry  year  cycles  that  may  be  encountered.  In 
this  case,  we  have  a  23-year  record  at  Sunol  with 
an  expanded  rainfall  record  of  63  years.  Appli- 
cation of  these  run-off  curves  to  the  rainfall  rec- 
ords reveals  no  cycles  nor  even  single  years  more 
severe  than  are  found  in  the  23-year  measured 
run-off  record.  To  show  this  clearly  the  run-off 
prior  to  the  23-year  record  is  shown  in  con- 
junction with  that  of  the  23-year  record  on  the 
mass  curves  for  each  of  the  various  subsidiary 
catchment  areas.  (See  Plates  B-2,  B-3,  B-6,  B-7, 
B-10  and  B-11,  Appendix  "B".) 

Closer  Results  Obtained  by 
Grouping   Years  on 
Series  of  Curves. 

Because  of  the  fact  that  a  single  run-off  curve 
gives  but  average  results,  and  in  order  that  for 
the  23-year  period  we  may  obtain  more  close-' 
ly  the  run-off  for  the  same  rainfall  under  various 
conditions  that  are  reflected  in  the  measured  run- 
off records  of  this  period,  where  we  have  a  num- 
ber of  actual  gagings  representing  the  run-off 
from  the  subsidiary  catchment  areas  within  the 
Alameda  watershed,  a  set  of  five  run-off  curves 
has  been  made  for  each  subsidiary  drainage  area. 
The  purpose  of  this  is  to  group  the  seasons  ac- 
cording to  run-off  conditions.  Thus  the  seasons 
in  which  for  one  reason  or  another  the  run-off 
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is  a  high  percentage  of  the  precipitation  are  rep- 
resented on  a  curve  which  gives  results  somewhat 
higher  than  does  the  curve  for  the  years  where 
the  conditions  were  not  so  favorable  for  high 
run-off.  Likewise  that  group  of  years  which  for 
one  reason  or  another  yielded  very  small  run- 
offs for  the  rainfall  is  represented  by  another 
line  which  fits  their  conditions.  (See  Plates 
B-5,  B-6  and  B-7,  Appendix  B.) 

By  use  of  these  curves  we  are  enabled  to  deter- 
mine very  closely  the  annual  run-off  from  the 
various  subsidiary  catchment  areas  for  each  year, 
as  the  curves  thus  constructed  are  based  upon 
run-off  conditions  reflected  by  the  measured 
run-off  from  either  the  entire  Alameda  catch- 
ment area  or  one  of  the  subsidiary  catchment 
areas.  ,    . 

Detailed  discussion  of  the  construction  of  these 
run-off  curves  is  given  in  Appendix  "B". 

The  Gross  Run-off  of  Alameda 
System  Averages  173  Mil- 
lion Gallons  Daily. 

The  final  results  of  the  run-off  of  the  various 
subsidiary  catchment  areas  for  the  23-year  per- 
iod, details  of  which  are  given  m  Appendix  "  B  ", 
are  as  follows : 


The  summation  of  the  run-off  from  each  of 
the  subsidiary  catchment  areas  shows  an  average 
gross  water  crop  of  173.39  M.  G.  D.  from  620.5 
square  miles,  equal  to  an  average  of  about  275,- 
000  gallons  per  square  mile  per  day.  This  is 
two-thirds  the  average  rate  of  run-off  from  the 
Crystal  Springs  catchment  area,  and  about  one- 
fourth  that  of  the  Pilareitos  catchment  area. 

The  difference  between  this  gross  water  crop 
of  173.39  M.  G.  D.  and  the  average  measured 
run-off  over  Sunol  and  Niles  Dams  of  145.00  M. 
6.  D.  represents  the  average  loss  in  transit,  in- 
eluding  the  evaporation  from  saturated  soils  in 
the  western  portion  of  Livermore  Valley. 

From  the  foregoing  measured  run-off  data, 
we  note  that  the  Alameda  Creek  furnished  a 
bountiful  supply  of  water.  Taking  the  records 
of  these  23  years,  it  averages  145.00  M.  G.  D., 
equivalent  to  approximately  four  times  the 
present  needs  of  the  City  of  San  Francisco, 
Sufficient  to  serve  the  City  of  San  Francisco 
until  about  the  end  of  the  present  century. 

Destruction  and  Suffering  Due  to 
Alameda  Creek  Floods. 

Single  floods  running  as  high  as  17,830  M.  G. 
D.,  or  equivalent  to  48.9  M.  G.  D.  for  a  whole 


RUN-OFF  FOR  SUBSIDIARY  CATCHMENT  AREAS  FOR  23-YEAR  PERIOD    1889-1912. 


Calaveras 

Season  98.30 
sq.  mi. 
M.  G.  D. 

1889-90 126.50 

1890-91 43.60 

1891-92 39.8 

1892-93 100.7 

1893-94 73.6 

1894-95 82. 

1895-96 50.4 

1896-97 69.10 

1897-98 8.9 

1898-99 37.6 

1899-00 39.9 

1900-01 56.3 

1901-02 36.7 

1902-03 42.4 

1903-04 53.1 

1904-05 40.8 

1905-06 73.8 

1906-07 101.8 

1907-08 25.2 

1908-09 82.0 

1909-10 35.6 

1910-11 81.4 

1911-12 15.2 


Average  M.  G.  D. 


57.23 


Upper 

San 

Arroyo 

Sunol 

Livermore 

Alameda 

Antonio 

Valle 

Drainage 

Drainage 

620.54 

35.32 

38.70 

140.80 

49.08 

258.34 

sq.  mi. 

sq.  mi. 

sq.  mi. 

sq.  mi. 

sq.  mi. 

sq.  mi. 

Total 

M.  G.  D. 

M.  G.  D. 

M.  G.D. 

M.G.  D. 

M.  G.  D. 

M.  G.D. 

43.73 

38.25 

100.54 

48.50 

129.20 

486.70 

11.40 

5.99 

31.85 

7.94 

27.81 

128.40 

11.8 

5.99 

13.41 

6.43 

13.55 

90.97 

32.6 

22.50 

88.50 

23.95 

56.44 

324.86 

21.0 

13.37 

38.55 

12.85 

27.72 

187.10 

29.4 

19.36 

52.30 

20.45 

52.33 

255.80 

14.3 

7.83 

26.83 

8.76 

27.72 

135.80 

22.88 

14.29 

43.56 

15.19 

55.34 

220.30 

2.0 

.55 

2.01 

1.12 

14.65 

9.9 

7.37 

11.40 

8.18 

12.31 

86.77 

10.1 

6.92 

6.70 

6.54 

9.24 

79.37 

18.1 

13.83 

23.47 

18.23 

17.24 

147.10 

9.67 

6.92 

22.13 

7.01 

15.39 

97.82 

11.3 

7.01 

32.18 

7.60 

30.78 

131.30 

14.3 

8.85 

23.46 

12.15 

24.63 

136.50 

13.6 

10.14 

11.63 

9.82 

18.47 

104.50 

16.8 

13.79 

46.25 

18.23 

61.57 

230.50 

26.2 

22.49 

87.02 

29.23 

119.50 

386.20 

5.9 

4.61 

9.25 

5.26 

12.31 

62.53 

23.9 

16.13 

46.93 

21.04 

55.37 

245.30 

9.25 

7.84 

20.11 

8.18 

23.40 

104.30 

25.65 

23.05 

65.71 

34.35 

70.20 

300.30 

3. '78 

3.69 

2.66 

5.37 

0 

30.72 

16.86 


12.21 


35.06 


14.62 


37.41 


173.39 
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j'ear,  have  passed  down  the  Niles  Canyon,  creat- 
ing havoc  on  the  way  and  finally  destroying  the 
crops  on  many  square  miles  of  farms  between 
Niles  and  the  San  Francisco  Bay,  besides  en- 
dangering the  lives  of  residents  in  its  path. 
Bridges,  roads  and  railroads  are  washed  out,  the 
roads  being  made  impassable  for  weeks  and  even 
months  at  a  time. 

These  large  fluctuations  within  the  season  are 
typical  of  all  western  streams  to  a  greater  or  less 
degree.  Aside  from  the  fluctuations  within  the 
season,  the  annual  stream  flow  of  western  streams 
is  subject  to  fluctuations  covering  longer  periods 
of  time  due  to  pronounced  cycles  of  wet  and  dry 
years.  This  is  common  Imowledge  among  hy- 
draulic engineers  conversant  with  western  con- 
ditions, making  long  period  run-off  data  such 
as  those  of  the  Alameda  Creek  exceptionally 
valuable.  Concerning  this  characteristic,  Mr.  C. 
E.  Grunsky,  on  pages  498  and  505  of  Volume  61 
of  the  Transactions  of  the  American  Society  of 
Civil  Engineers,  says: 

Grunsky  Says  Storage  Similar  to 
Spring  Valley  Works  Nec- 
essary in  the  West. 

"One  of  the  early  observations  made  by 
the  engineers  who  from  time  to  time  have 
been  consulted  on  the  subject  of  an  ade- 
quate water  supply  for  San  Francisco  was 
the  recurrence  in  succession  of  so-called  dry 
winters,  that  is,  of  rain  years  with  a  fall  of 
rain  so  far  below  normal  as  to  be  classed  as 
minimum  years.  Two  such  years  now  and 
then  follow  each  other,  and  there  may  be  a 
series  of  year,  up  to  about  ten,  of  which 
none  materially  exceeds  the  normal.  As  the 
years  of  minimum  rainfall  produce  practi- 
cally no  run-off  from  areas  near  San  Fran- 
cisco, and  years  of  normal  rainfall  only  a 
moderate  amount,  the  conclusion  was 
reached  that  the  storage  capacity  when  com- 
pared with  the  run-off  from  the  area  tribu- 
tary to  a  reservoir  should  be  relatively  large, 
and  that  the  aggregate  storage  capacity 
should  be  equivalent  to  about  900  days' 
supply. 

"It  remains  to  be  stated  that  all  three 
of  these  reservoirs  are  of  relatively  large 
capacity  when  compared  with  the  small 
tributary  areas.  There  are,  therefore,  many 
seasons  in  which  there  is  no  waste,  in  which 
all  water  is  caught.  This  is  particularly 
true  of  Crystal  Springs  Reservoir,  which 
has  been  full  only  twice.  There  is,  more- 
over, a  certain  interdependence  between  the 
reservoirs.    The  relation  in  which  the  Pilar- 


citos  Reservoir  stands  to  the  San  Andreas 
Reservoir  is  so  close,  in  fact,  that  it  has 
seemed  advisable  to  combine  the  two  and 
treat  them  as  a  single  reservoir  in  this  dis- 
cussion. The  arrangement  is  such  that  the 
waste  from  the  Pilarcitos  flows  to  the  San 
Andreas  until  the  conduit  capacity  is  ex- 
ceeded, whereupon  "some  water  goes  to  the 
stream.  Any  excess  of  water  received  by  the 
San  Andreas  Reservoir  is  in  turn  deliv- 
ered to  the  Crystal  Springs  Reservoir." 

Alameda  Creek  Record  Excellent, 
Because  It  Includes  Cycle 
of  Extremely  Dry  Years. 

It  is  observed  that  the  record  of  the  run-off 
of  Alameda  Creek  below  Sunol  includes  cycles 
of  this  character,  which  may  be  brought  out  by 
dividing  it  into  three  periods  of  about  eight 
years  each. 

ALAMEDA  CREEK  RUN-OFF  FOR  23  YEARS 

FROM  ACTUAL  GAGINGS. 

Annual  Flow  in 
Seasons  Length  of  Million  Gallons 

Period.       Averlage        Max.  Mih. 

1889-90  to  1896-97— 8  yrs 25,940       165,907      20,905 

1897-98  to  1904-05— 8  yrs 9,233        40,038        4,498 

1905-06  to  1911-12— 7  yrs 17,580       104,856       10,937 

Fortunately  the  record  of  Alameda  Creek  in- 
cludes the  extremely  dry  cycle  of  eight  years 
from  the  season  of  1897-8  to  the  season  of  1904-5. 
As  previously  stated,  this  cycle  exceeds  all  others 
indicated  by  the  63-year  rainfall  record,  both  as 
to  duration  and  lack  of  moisture.  The  testimony 
of  old  men  living  at  the  time  of  this  extremely 
dry  period  establishes  it  as  the  most  excessive 
within  the  memory  of  man  on  the  Pacific  Coast. 
Other  very  dry  years  have  occurred  singly  or  in 
pairs,  or  distributed  between  very  wet  years  and 
moderately  dry  years  in  groups  of  three.  This 
eight-year  dry  period  prevailed  all  over  the 
Pacific  Coast. 

The  cycle  of  dry  seasons  is  in  the  middle  third 
of  the  Alameda  record,  therefore  we  may  be 
sure  that  calculations  based  upon  data  in  which 
it  is  included  will  be  well  within  the  limits  of 
safety. 

Long  cycles  of  this  sort  are  not  to  be  found 
along  the  Atlantic  Coast.  One  of  the  longest 
and  dryest  of  which  we  have  record  covers  the 
three  years  just  passed,  and  created  great  uneasi- 
ness among  hydraulic  engineers  in  eastern  prac- 
tice. 


STORAGE  AVAILABLE  TO  MEET  REQUIREMENTS. 
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Storage  Is  Common  Sense  Method 

of  Meeting  Cycle  of  Dry  Years. 

Series  of  wet  -and  dry  years  are  typical  of 
western  climatic  conditions  and  are  anticipated 
by  western  hydraulic  engineers  jvist  as  the  busi- 
ness man  and  the  farmer  anticipate  series  of 
years  in  which  good  and  bad  crops  will  be  har- 
vested. The  common  sense  method  of  storing 
enough  in  the  years  of  plenty  to  tide  over  the 
time  of  drought  is  equally  applicable  in  both 
cases.  This  is  what  we  propose  to  do  in  the 
Alameda  system,  so  that  storage  of  water  be- 
comes a  cardinal  factor  in  its  development  as  in 
other  western  projects. 

What  Storage  Did  for 
San  Francisco. 

Because  of  its  extensive  stored  water  supply 
on  the  San  Francisco  peninsula  the  people  of 
San  Francisco  had  ample  water  during  the  cycle 
of  eight  dry  years  above  noted,  and  at  the  end 
of  this  period  there  still  remained  sufficient 
stored  water  to  supply  the  City  for  500  days 
longer.  During  this  period  the  stored  water  was 
drawn  upon  constantly,  the  water  surface  of  the 
reservoirs  being  gradually  lowered.  For  an  in- 
terval of  nine  years  the  water  surface  of  the 
Crystal  Springs  Reservoir  was  continuously  be- 
low its  flow  line.  This  practice  is  not  looked 
upon  with  favor  in  some  parts  of  the  humid  At- 
lantic Coast,  where  effort  is  made  to  limit  the 
interval  of  time  to  two  or  three  years. 

What  Some  Engineers  Do 
in  the  East. 

This  view  and  the  reason  therefor  are  ex- 
pressed in  the  report  of  Messrs.  Burr,  Hering 
and  Freeman  on  the  New  York  Water  Supply, 
page  23,  where  they  say : 

"It  is  essential  not  to  overestimate  the 
yield  of  a  given  territory  in  whicli  reser- 
voirs are  to  be  constructed,  for  the  reason 
that  the  daily  draft  of  the  distribution  sys- 
tem will  at  times  deplete  the  storage  and 
expose  a  margin  around  the  perimeter  of  the 
reservoir.  If  this  uncovered  margin  is  ex- 
posed through  too  long  a  period,  vegetation 
will  spring  up  on  it  and  prejudice  the  qual- 
ity of  the  water  when  the  reservoir  is  again 
filled." 

More  Eastern  Practice. 

In   New   England,   in   the   effort   to   produce 


wholesome  water,  the  soil  within  the  reservoir 
has  been  stripped  to  such  a  depth  as  to  remove 
all  organic  growth.  This  heroic  treatment  has 
proved  futile  and  expensive  and  has  been  re- 
pudiated by  the  builders  of  the  reservoirs  for 
the  water  supply  of  Greater  New  York  now  un- 
der construction. 

What  They  Do  in  the  West. 

The  exposed  margins  of  the  Crystal  Springs 
reservoir  were  kept  scrupulously  free  from 
weeds,  etc.,  by  the  Spring  Valley  Water  Com- 
pany during  the  successive  years  its  water  sur- 
face was  below  the  flow  line.  Contrary  to  the 
contention  that  the  water  would  deteriorate  in 
quality  because  of  this  practice,  the  quality  of 
the  Crystal  Springs  reservoir  water  remained 
uniformly  good. 

It  may  be  that  the  care  taken  with  regard 
to  the  margin  of  the  Crystal  Springs  reservoir, 
togetJier  with  the  climatic  conditions  which  pre- 
vail here,  account  for  the  different  results  ob- 
tained in  the  East  and  in  the  West  in  this  mat- 
ter. Plowever  this  may  be.  Western  experience 
and  particularly  the  experience  of  San  Francisco 
itself,  leads  to  the  only  reasonable  conclusion 
that  it  IS  not  alone  harmless  to  maintain  a  reser- 
voir water  surface  below  the  flow  line  for  a  long 
number  of  years,  but  that  it  would  be  wasteful 
and  the  height  of  imprudence  not  to  take  ad- 
vantage of  the  climatic  and  the  physical  condi- 
tions with  which  we  are  favored. 

Western  Practice  Applied  by 
Eastern  Engineers. 

Due  regard  was  taken  of  this  difference  be- 
tween eastern  and  western  conditions  by  the 
Board  of  Consulting  Engineers  (Messrs.  Free- 
man, Stearns  and  Schuyler),  who  approved  the 
plans  of  the  Los  Angeles  Aqueduct,  that  great 
work  to  bring  the  waters  of  the  Owens  Valley 
to  Los  Angeles  which  was  conceived,  designed 
and  built  by  ilr.  Wm.  Mulholland,  and  which 
is  now  practically  completed.  This  Board  of 
Engineers  includes  in  the  final  project  the  Long 
Valley  Reservoir,  the  office  of  which  is  "to 
provide  against  a  series  of  dry  years",  by 
maintaining  a  continuous,  uniform  flow  equal 
to  the  capacity  of  the  aqueduct  under  con- 
ditions of  full  development.  In  the  study  of 
the  Long  Valley  Reservoir,  discharge  from  the 


Plate  a 

THE  MASS  CURVE  STUDY  OF  LONG  VALLEY  RESERVOIR  (LOS  ANGELES  AQUEDUCT)  SHOWS  THE 
WATER  SURFACE  BELOW  THE  FLOW  LINE  FOR  AS  MUCH  AS  14  YEARS  THE  PURPOSE  OF 
THE  LONG  VALLEY  RESERVOIR  IS  "TO  PROVIDE  AGAINST  A  SERIES  OF  DRY  YEARS"  AND 
WAS   APPROVED   BY   MESSRS.   FREEMAN,    STEARNS  AND  SCHUSSLER. 


ALAMEDA  STORAGE  AGGREGATES  177,000  M.  G. 
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tributary  catchment  area  was  estimated  back- 
ward as  far  as  1850,  and  a  mass  diagram,  repro- 
dution  of  which  is  shown  on  Plate  3,  was  made 
to  determine  the  necessary  storage  to  sustain 
the  proper  draft.  This  mass  curve  shows  that 
a  maximum  storage  of  240,000  acre  feet  is  re- 
quired, and  that  the  water  surface  in  the  reser- 
voir would  he  continuously  helow  the  flow  line 
for  14  years  from,  1873  to  1887,  and  again  for  9 
years  from  1887  to  1896,  and  again  for  9  years 
from  1898  to  1907.  This  plan  received  the  ap- 
proval of  Messrs.  Freeman,  Stearns  and  Schuy- 
ler. 

Thus  it  is  seen  that  the  Long  Valley  Reservoir 
will  have  its  water  surface  below  the  flow  line 
for  longer  peripds  than  any  of  the  storage  reser- 
voirs of  the  Spring  Valley  Water  Company. 

Great  Storage  Available  in 
Alameda  System. 

Within  the  Alameda  catchment  area  are  three 
large  surface  reservoirs  which  will  be  utilized  in 
Ihe  development  of  the  Alameda  System,  enum- 
erated as  follows: 

storage 
Reservoir  Capacity  Elevation 

Calaveras    55,000  M.  G.  800 

San   Antonio    11,674  M.  G.  443 

Arroyo  Valle    13,830  M.  G.  800 

Total    for    surface    reser- 
voirs       80,504  M.  G. 

These  reservoirs  and  their  value  as  water  pro- 
ducers, will  be  described  later  in  this  report.  In 
addition  to  these  surface  storage  reservoirs,  it 
is  proposed  to  utilize  two  subterranean  reservoirs 
— that  at  Sunol,  commonly  referred  to  as  the 
Sunol  Filter  Beds,  and  that  underlying  the  Liv- 
ermore  Valley,  from  which,  at  the  present  time, 
this  Company  is  drawing  up  to  11  M.  G.  D.  with 
but  a  single  centrifugal  pump. 

Geologists  Say  Gravel  Deposits 
in  Alameda  System 
Are  Very  Large. 

These  two  gravel  deposits  cover  very  large 
areas  and  are  exceedingly  deep.  By  the  unique 
actions  of  nature  they  are  hemmed  in  on  all  sides 
by  impervious  •  rock,  making  them  in  effect  two 


huge  sponges  whieli  greedily  absorb  flood  waters 
that  would  otherwise  go  to  waste,  and  retain 
them  until  withdrawn  by  artificial  means.  These 
gravels  have  been  the  subject  of  very  careful  and 
extended  examinations  by  Dr.  J.  C.  Branner, 
Professor  of  Geology  and  Vice-President  of  Stan- 
ford University,  and  Dr.  Andrew  Lawson,  Pro- 
fessor of  Geology  of  the  University  of  California, 
and  reference  is  here  made  to  the  reports  upon 
this  subject  by  these  two  geologists.  Both  these 
scientists  have  international  reputations,  and  are 
undoubtedly  better  equipped  to  determine  the 
great  water  bearing  capabilities  of  these  gravels 
than  any  other  men.  Among  other  distinctions, 
Dr.  Branner  has  recently  been  the  recipient  of 
the  Hayden  medal,  which  stamps  him  as  the 
foremost  geologist  of  his  day,  and  both  have 
gained  renown  in  solving  the  mysteries  of  West- 
ern geology,  the  most  intricate  and  complex  in 
the  world.  Each  has  made  an  independent  report 
and  they  agree  that  these  gravel  beds  are  prob- 
ably the  greatest  of  their  kind  in  the  world. 
They  find  that  these  gravels  exist  under  prac- 
tically the  whole  of  the  Livermore  Valley  for  a 
depth  of  at  least  4000  feet,  and  under  the  Sunol 
Valley  for  a  depth  of  500  to  1000  feet.  Of 
course,  we  all  know  that  in  speaking  of  gravel 
the  geologist  means  intermingling  deposits  of 
gravel,  sand  and  denser  materials,  yet  both  at- 
test to  the  enormous  water  carrying  capacity  of 
the  gravels  as  a  whole. 

Dr.  Branner  and  Dr.  Lawson  have  used  the 
term  just  as  Dr.  Crosby  has  used  it  in  connection 
with  the  Long  Island  gravels  and  sands. 

From  borings  both  in  the  Livermore  Valley 
and  at  Sunol,  it  appears  that  at  Sunol  the  porous 
gravel  and  sand  constitutes  a  much  higher  per- 
centage of  the  entire  mass  than  is  the  case  at 
Livermore.  It  is  estimated  that  the  Valley  fill 
at  Sunol  will  have  an  available  porosity  of  at 
least  25  per  cent.  The  area  of  these  gravels  is, 
in  round  numbers  1300  acres.  Therefore,  if  we 
figure  on  only  an  average  depth  of  100  feet  in 
these  gravels,  their  storage  capacity  becomes 
10,000  M.  G.  It  is  physically  practicable  to  de- 
plete these  gravels  to  a  much  greater  depth  by 
means  of  pumps,  and  in  point  of  fact  is  being 
done  in  many  places  in  California  today,  by 
several  types  of  pumps,  notable  among  them 
being  the  multiple  stage  centrifugal  pump  that 
operates  inside  the  ordinary  well  casing,  and  the 
air  lift  pump. 
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Storage  of  Alameda  System 
Aggregates  Over  177,000 
Million  Gallons. 

Similarly,  the  storage  of  the  uuderground 
reservoir  beneath  Livermore  Valley  for  the  top 
100  feet  is  estimated  by  assuming  a  percentage  of 
porosity  of  14  per  cent  as  described  later  on  in 
this  report,  and  is  found  to  be  87,000  M.  G.  The 
total  storage  in  the  Alameda  system  is,  therefore, 
as  follows: 

Surface  Reservoirs:  M.  G.  M.  G. 

Calaveras    55,000 

San  Antonio   11,674 

Arroyo   Valle    13,830  80,504 

Underground  Reservoirs : 

Sunol    10,000 

Livermore    87,000  97,000 

Total  storage   177,504 

This  aggregate  storage  does  not  include  that 
of  the  Pliocene  gravels  upon  which  Dr.  Branner 
lays  so  much  stress.  That  artesian  wells  whose 
source  of  supply  is  the  Pliocene  gravels  will  be 
found  in  the  valley  floor,  is  made  certain  by  the 
fact  that  on  the  foothill  slope  near  Pleasanton 
there  already  exist  artesian  wells  in  these  same 
gravels.  In  this  matter  I  have  been  conservative 
in  that  I  have  omitted  the  supply  that  may  be 
obtained  from  wells  supplied  by  these  Pliocene 
gravels,  and  have  not  taken  advantage  of  the 
enormous  storage  available  below  a  depth  of 
100  feet,  both  of  which  it  is  practicable  to  real- 
ize. 

Liberal  Deduction  Is  Made  for 

Evaporation  from  Reservoirs. 

It  is  essential  to  provide  for  evaporation  in 
estimating  the  safe  yield  from  reservoirs. 

From  surface  reservoirs  evaporation  proceeds 
continuously  from  the  water  surface.  Measure- 
ments to  determine  the  amount  of  this  evapora- 
tion as  well  as  its  monthly  distribution  have 
been  made  in  several  parts  of  California,  as  well 
as  in  other  parts  of  the  United  States.  The  sub- 
ject is  thoroughly  discussed  in  Appendix  "D", 
and  for  the  purpose  of  this  report  the  evapora- 
tion is  taken  as  48  inches  per  year,  which  in  lieu 
of  actual  measurements  at  each  reservoir  site,  is 
believed  to  be  as  nearly  correct  as  can  be  ob- 
tained by  comparison  with  measurements  else- 
where. The  evaporation  from  water  surfaces  is 
a  loss  that  cannot  be  recovered  in  any  way. 


In  deducting  for  loss  due  to  evaporation  credit 
should  be  given  to  the  precipitation  that  falls 
upon  the  surface  of  the  reservoir  itself.  The 
catchment  tributary  to  a  reservoir  includes  the 
area  occupied  by  the  reservoir,  and  in  compu- 
ting the  run-off  the  same  percentage  of  rainfall 
has  been  applied  to  both  areas. 

Deductions  Are  Excessive  for 
Sake  of  Conservatism. 

Manifestly  all  of  the  rain  that  falls  upon  the 
water  surface  of  the  reservoir  is  added  to  the 
stored  water,  and  the  water  crop  for  that  season 
should  be  increased  by  the  difference  between 
the  run-off  in  inches  as  applied  to  the  whole 
catchment  area  and  the  inches  of  rainfall  at  the 
reservoir.  The  most  simple  manner  to  account 
for  this  addition  is  to  deduct  it  from  the  sea- 
sonal evaporation. 

Taking  the  actual  mean  rainfall  as  recorded  at 
Calaveras  for  the  Cala"^eras  reservoir,  and  the 
actual  mean  at  Sunol  for  the  San  Antonio  reser- 
voir, both  for  the  23-year  period  during  which 
I  have  actual  stream  measurements,  I  get  the 
following : 

Amount  which  fell  on 

Mean  of    Amount       reservoir  in  excess  of 

actual       credited       credits  and  should  be 

rainfall     to  run-off     added  to  the  net  draft 

Calaveras 26.42"        12.22"       14.20"     1.44  M.  G.  D. 

San    Antonio  ..22.22"  6.61"       15.61"     0.90  M.  G.  D. 

From  this  it  will  be  seen  that  the  safe  de- 
pendable yield  of  Calaveras  reservoir  should  be 
about  1%  M.  G.  D.  in  excess  of  that  given  in 
this  report,  while  that  of  San  Antonio  reservoir 
should  be  nearly  one  M.  G.  D.  more  than  that 
given.  For  the  sake  of  presenting  conservative 
estimates,  I  have  neglected  these  additions  that 
rightfully  should  be  made. 

Great  Loss  by  Evaporation  from 
Saturated  Soils  near 
Pleasanton. 

Evaporation  to  an  even  greater  degree  than 
from  a  water  surface,  proceeds  from  soil  sur- 
faces in  various  degrees  of  saturation.  This  is 
also  discussed  in  detail  in  Appendix  "D". 

Appendix  "D"  has  been  prepared  by  Mr.  T. 
W.  Espy,  Civil  and  Mining  Engineer,  who  has 
had  wide  experience  as  manager  of  one  of  Cali- 
fornia's hydraulic  mines,  and  who  for  several 
years  was  in  charge  of  the  hydrographie  work 
and  reconstruction  of  the  Imperial  Valley  Irri- 
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gation  Project,  embracing  300,000  acres  of  land 
and  about  1000  miles  of  canal. 

This  evaporation  is  pertinent  to  the  under- 
ground reservoir  in  Livermore  Valley,  where  by 
reason  of  the  artesian  pressure  the  water  im- 
pounded in  the  gravel  reservoir  in  seeking  an 
outlet  is  forced  upward  through  the  denser  ma- 
terials in  the  western  end  of  the  valley  com- 
monly called  the  "clay  cap".  This  causes  the 
overlying  soils  to  be  in  a  state  of  saturation, 
from  w-hich  a  surprisingly  large  amount  of  water 
is  lost  by  evaporation.  That  the  source  of  this 
water  is  from  the  underlying  gravels  is  mani- 
fest from  the  fact  that  in  small,  swampy  spots, 
where  this  upward  pressure  has  been  relieved  by 
means  of  a  number  of  large  shallow  wells,  the 
soil  near  the  wells  dried  out  sufficiently  to  cul- 
tivate. 

This  Loss  Can  Be  Recovered 
and  Used. 

This  loss  is  at  present  a  constant  draft  upon 
the  underground  reservoir  and  is  lost  to  any  use- 
ful purpose.  By  keeping  the  plane  of  saturation 
at  least  10  feet  below  the  ground  surface,  evap- 
oration from  the  soil  surface  will  cease  and  the 
water  heretofore  lost  in  the  air  will  be  recovered 
and  delivered  in  conduits  for  the  use  of  the  peo- 
ple of  San  Francisco.  This  is  not  mere  theory, 
but  has  been  accomplished  in  many  parts  of  Cali- 
fornia, as  for  instance,  near  Chino,  where  large 
saturated  areas  were  reclaimed  and  made  tillable, 
and  the  recovered  water  used  elsewhere  for  ir- 
rigation. In  this  act  the  benefit  derived  was  two- 
fold— first  the  wet  lands  were  reclaimed ;  and 
second,  other  desert  lands  too  dry  for  successful 
farming  were  irrigated  and  made  to  produce 
abundantly. 

This  Has  Been  Done  on  Large  Scale 
in  Southern  California. 

Similarly,  just  south  of  Los  Angeles,  50,000 
acres  were  relieved  in  a  like  manner  from  sat- 
uration due  to  the  underground  waters  of  the 
Los  Angeles  River,  and  where  before  there  was 
nothing  but  waste,  there  now  are  50,000  acres 
of  very  valuable  property,  and  this,  too,  after  the 
City  of  Los  Angeles  drew  45.0  JI.  G.  D.  from  this 
same  underground  supply. 

At  the  present  time  a  project  located  about 
midway  between  Los  Angeles  and  Long  Beach, 


and  of  the  same  character  as  above  described, 
is  being  constructed.  It  will  cost  upwards  of 
$1,000,000,  and  has  for  its  purpose  the  reclama- 
tion of  100,000  acres  of  land  by  unwatering  a 
saturated  area  and  irrigating  lands  with  the 
water  drawn  therefrom. 

Water  May  Be  Stored  by  Artific- 
ially Soaking  the  Gravels. 

To  fully  utilize  the  vast  underground  storage 
of  the  Livermore  Valley  it  w'ill  be  necessary  to 
conduct  some  of  the  fiood  waters  from  their 
natural  channels  over  broad  areas  of  porous 
gravels.  Measurements  in  the  Arroyo  Valle 
Channel  indicate  that  water  entered  these  grav- 
els, even  under  the  unfavorable  conditions  of  the 
winter  of  1911-1912,  at  the  rate  of  10  cubic  feet 
per  square  foot  of  superficial  area,  per  day, 
which  with  a  porosity  of  33  1/3  per  cent  gives  a 
velocity  of  30  feet  per  day.  Naturally,  therefore, 
with  an  increased  superficial  area,  water  will  be 
absorbed  much  more  rapidly  by  the  gravels,  and 
a  larger  percentage  of  the  flood  waters  wnll  enter 
them. 

It  is  proposed  to  utilize  sufficient  superficial 
area,  in  conjunction  with  the  Arroyo  Valle  Reser- 
voir, and  the  present  stream  bed,  so  that  very 
little  water  will  escape  into  Laguna  Creek  and 
be  wasted.  Exception  may  be  taken  to  this 
method  of  conservation  because  of  fear  that  the 
gravels  may  become  clogged  up  with  silt,  but  let 
it  be  borne  in  mind  that  in  the  first  place  there 
is  not  a  large  amount  of  silt  in  these  waters, 
and  in  the  second  place,  their  velocity  is  abruptly 
checked  when  they  enter  Arroyo  Valle  Reser- 
voir, and  they  will  drop  whatever  silt  they  carry 
into  the  bottom  of  this  reservoir,  before  being 
conducted  to  the  gravels. 

Furthermore,  the  Arroyo  Mocho  has  been 
spreading  out  over  the  gravels  near  Livermore 
for  untold  years,  very  rarely  running  through 
to  the  Laguna  Creek,  and  there  is  no  evidence 
of  a  decrease  in  the  absorptive  powers  of  these 
gravels  by  reason  of  its  action. 

This  Is  Being  Done  in  San  Ber- 
nardino Valley. 

This  practice  of  spreading  flood  waters  over 
gravels  has  been  in  progress  in  San  Bernardino 
Valley,  in  Southern  California,  for  several  years 
past.    Just  below  where  the  flood  waters  of  the 
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Santa  Ana  Kiver  debouch  from  the  mountains, 
they  are  diverted  by  means  of  dam  and  canals 
and  spread  over  the  gravels  of  the  stream  bed, 
much  in  the  same  way  that  broad  irrigation  is 
practiced. 

In  this  manner  great  quantities  of  flood  waters 
are  absorbed  by  the  gravels,  increasing  the  under- 
ground supply  from  wells  for  a  distance  of  sixty 
miles  below.  Officers  of  the  various  companies 
profiting  by  this  work,  state  that  the  increase  is 
very  marked,  and  that  they  are  repaid  a  thousand 
fold  for  the  expense  incurred  to  spread  the 
waters. 

It  is  probable  that  the  velocity  with  which  the 
water  enters  the  gravels  in  this  case  is  about  the 
same  as  it  will  be  in  the  Livermore  Valley.  I 
visited  the  site  of  this  work  last  year  while  the 
work  of  spreading  water  was  under  way  and  saw 
how  greedily  the  gravels  drank  up  the  water. 
Even  where  water  is  spread  in  soils  it  is  ab- 
sorbed with  surprising  rapidity. 

In  Imperial  Valley,  while  Chief  Engineer  of 
the  California  Development  Company,  I  have 
many  times  observed  water  entering  the  soils  at 
the  rate  of  1  to  3  feet  per  day  in  the  dense  clayey 
soils  predominant  in  the  greater  part  of  that 
valley;  and  this  with  water  that  is  notoriously 
muddy,  carrying  several  thousand  times  the 
quantity  of  silt  that  the  Arroyo  Valle  does. 

As  development  proceeds  it  may  be  found 
necessary  to  handle  the  waters  entering  Sunol 
Valley  in  the  method  above  described,  though 
it  seems  probable  that  this  will  not  be  the  case. 

Calaveras  Reservoir  Is  Largest 
in  the  Alameda  System  and 
Excellently  Located. 

Calaveras  Eeservoir,  one  of  the  largest  in  Cali- 
fornia, is  located  36  miles  from  San  Francisco 
and  is  the  largest  storage  reservoir  in  the  Ala- 
meda System.  In  the  Calaveras  Valley  nature 
has  provided  a  huge  bowl  3  miles  long  and  1 
mile  wide,  with  a  deep  and  narrow  outlet  at  its 
northeasterly  corner.  The  bowl  offers  a  splendid 
opportunity  to  form  a  large  lake,  while  the  nar- 
row outlet  affords  an  admirable  damsite  whereby 
the  lake  may  be  readily  formed. 

As  if  appreciating  the  great  opportunity  and 
anticipating  the  necessity  of  large  storage  within 
easy  reach  of  the  people  of  San  Francisco,  na- 
ture also  provided  a  large  tributary  catchment 


area  where  the  run-off  from  ample  snows  and 
rains  is  conducted  to  the  reservoir  where  it  may 
be  conserved  for  domestic  use.  The  watershed 
of  the  catchment  area  directly  tributary  to  Cala- 
veras Eeservoir  covers  an  area  of  98.3  square 
miles.  The  largest  stream  within  its  borders  is 
the  Hondo,  which  is  formed  by  the  junction 
of  the  Ysabel  and  Smith 's  Creeks,  the  last  named 
streams  passing  around  the  east  and  the  west 
flanks  of  Mt.  Hamilton  and  its  sister  peaks 
which  rise  in  lofty  grandeur  to  an  elevation  of 
4400  feet.  In  topography  this  area  ranging  from 
550  to  4400  feet  above  sea  level,  is  for  the  most 
part  steep  and  rugged,  broken  by  canyons  lead- 
ing to  the  main  streams,  and  is  largely  covered 
with  a  dense  mantle  of  trees  and  shrubs. 

Precipitation  in  Calaveras  Water- 
shed Is  the  Greatest  in  the 
Alameda  System. 

Precipitation  occurs  both  in  the  form  of  snow 
and  rain.  Snow  very  often  makes  the  mountain 
inaccessible  in  the  upper  reaches  and  isolates  the 
astronomers  at  Lick  Observatory  from  direct 
contact  with  the  world  at  large.  Even  in  ex- 
tremely dry  seasons,  as  the  one  just  past,  there 
is  a  considerable  snowfall,  and  intemperate 
weather  is  experienced. 

Record  of  precipitation  has  been  kept  at  two 
stations  within  the  Calaveras  watershed — that  at 
Calaveras  for  38  years,  and  that  at  Lick  Observa- 
tory on  the  crown  of  Mount  Hamilton  for  31 
years.  These  records,  when  expanded  by  means 
of  the  San  Francisco  rainfall  record,  show  a  63- 
year  normal  precipitation  at  Calaveras  of  26.73 
inches  and  at  Mount  Hamilton  of  31.88  inches. 

Many  other  short'  period  records  of  precipita- 
tion have  been  taken  within  the  watershed,  not- 
ably the  gi'oup  of  15  given  by  Messrs.  Haehl  and 
Toll  on  page  534  of  Volume  61  of  the  Transac- 
tions of  the  American  Society  of  Civil  Engi- 
neers. 

These  records  for  the  most  part  cover  periods 
of  two  years,  and  cannot  be  given     the     same 
weight  as  longer  records.    That  they  are  probably 
too  low  is  shown  by  the  investigation  of  the  late 
Col.  Geo.  Mendell,  U.  S.  Army  Corps  of  Engi- 
neers, who  on  page  815  of  the  Municipal  Reports 
of  San  Francisco  for  the  year  1876-77,  says : 
"The  stations  were  on  Mt.  Hamilton  and 
on  each  side  of  it.     The  positions  and  alti- 
tudes are  as  follows: 
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"No.  1 — In  valley  of  Smith's  Creek  at  west- 
ern foot  of  Mt.  Hamilton.    Altitude  1,950  feet. 

"No.  2 — Western  flank  of  Mt.  Hamilton. 
Altitude  3,000  feet. 

"No.  3 — Eastern  flank  of  Mt.  Hamilton.  Al- 
titude 3,450  feet. 

"No.  4 — Isabel  Valley  at  the  eastern  foot 
of  Mt.  Hamilton.    Altitude  2,250  feet. 

"No.  5 — On  flank  of  mountain  on  east  side 
of  Calaveras  Creek,  and  four  miles  north  of 
Mt.  Hamilton.    Altitude  2,200  feet. 

"No.  6 — On  the  western  flank  of  the  west- 
ern mountains  bounding  Calaveras,  therefore 
not  in  Calaveras  Valley,  but  to  the  west  of  it. 
Altitude  1,450  feet. 

"The  observations  show  very  clearly  that 
the  rainfall  in  the  Calaveras  basin  is  in  ex- 
cess of  that  on  the  western  flank  facing 
Santa  Clara.  They  also  appear  to  indicate 
no  greater  fall  on  the  mountains  than  in  the 
valley.  On  the  contrary,  Isabel  Valley  gives 
a  greater  fall  than  any  point  above  it." 

All  Rainfall  Records  Expanded 
to  Sixty-three   Years. 

For  the  ptirpose  of  this  report  and  to  be  con- 
servative in  the  estimated  safe  yield,  these  rec- 
ords have  been  expanded  to  63  years,  and, 
together  vt^ith  other  records,  form  the  basis  of  the 
isohyetal  lines  shown  on  Plate  A-2.  In  addition 
to  these  records  I  have  obtained  two  records  of 
precipitation  on  the  ridge  dividing  the  Hondo 
and  the  Upper  Alameda  about  12  miles  north- 
west from  Mount  Hamilton,  for  the  season  1911- 
1912.  These  records  indicate  that  along  this 
ridge  the  precipitation  is  nearly,  if  not  quite,  as 
high  as  that  around  Mount  Hamilton.  From 
these  various  rainfall  records,  which  are  fully 
discussed  in  detail  in  Appendix  "A",  the  mean 
areal  precipitation  of  the  Calaveras  watershed 
is  found  to  be  28.55  inches  per  season.  The 
minimum  areal  rainfall  is  9.53  per  season,  and 
the  maximum  is  47.67  inches  per  season.  Ex- 
amination of  the  daily  precipitation  record  shows 
wide  divergence  in  its  occurrence  and  intensity. 
At  Calaveras  the  maximum  recorded  daily  pre- 
cipitation is  3.60  inches.  14.94  inches  of  rain 
have  fallen  in  one  month  and  25.12  inches  in 
two  months.  These  are,  of  course,  very  favorable 
conditions  for  high  rate  of  run-off. 

Large  Quantities  of  Water  Pass 
Down  Calaveras  Creek. 

The  run-off  from  the  Calaveras  catchment  area 
is  discussed  in  detail  in  Appendix  "B".    Actual 


run-off  measurements  are  available  for  the  sea- 
sons of  1898-99  to  1907-8  and  1910-12.  These 
measurements  show  that  while  in  summer  the 
flow  may  get  as  low  as  1  cubic  foot  per  second, 
in  winter  floods  upward  of  12,000  cubic  feet  per 
second  occur.  At  the  present  time  these  floods 
go  to  wa^te  and  contribute  their  share  to  the 
destruction  in  the  lower  lying  lands.  When  the 
Calaveras  Reservoir  is  completed  this  destruction 
will  in  part  cease  and  the  flood  will  become  a 
useful  agent  in  supplying  the  people  of  San 
Francisco  with  pure,  wholesome  water. 

By  the  use  of  the  run-off  curves  as  developed 
in  Appendix  "B"  and  shown  on  Plates  B-1  and 
B-6,  run-off  from  the  Calaveras  catchment  area 
has  been  estimated  for  each  of  the  seasons  from 
1849-50  to  1911-12  where  actual  measurements 
are  not  available. 

The  Upper  Alameda  Will  Be 
Diverted  into  Calaveras 
Reservoir. 

The  Upper  Alameda  Creek  is  in  the  next  catch- 
ment area  lying  directly  northeast  of  the  Cala- 
veras area,  and  joins  the  Calaveras  Creek  just 
below  the  gorge  in  which  the  Calaveras  dam  is 
located. 

By  means  of  a  tunnel  1^  miles  long,  the 
waters  from  the  upper  35.32  square  miles  of 
the  Upper  Alameda  will  be  diverted  and  deliv- 
ered into  the  Calaveras  Reservoir,  as  shown  on 
Plate  4.  Like  that  of  the  Calaveras,  the  catch- 
ment area  of  the  Upper  Alameda  is  picturesque 
in  its  ruggedness  and  is  blessed  with  a  high  pre- 
cipitation. Though  less  than  half  the  size  of 
the  Calaveras  watershed,  the  Upper  Alameda 
resembles  it  in  many  ways,  and  particularly  as 
to  rate  of  run-off.  Reliable  measurements  of  the 
flow  of  Alameda  Creek  are  available  only  for 
the  season  of  1911-1912  and  for  a  portion  of  the 
season  of  1910-1911.  Prior  to  1910  a  few  scat- 
tering measurements  of  floods  were  taken  by 
Mr.  Cyril  Williams,  Jr.,  simultaneously  with  the 
measurements  he  took  at  Calaveras.  These  are 
very  crude,  however,  and  are  probably  too  high, 
as  was  found  to  be  the  case  with  those  he  made 
at  Calaveras. 

From  the  determination  of  precipitation  and 
run-off  of  the  Upper  Alameda,  as  found  in  Ap- 
pendices "A"  and  "B",  the  probable  flow  of 
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Alameda  Creek  for  each  season  of  the  period 
1849-50  to  1911-12,  has  been  computed. 

Plans  for  Calaveras  Dam  Have 
Been  Considered  Since  1875. 

Plans  for  the  construction  of  Calaveras  Dam 
have  been  proposed  by  different  engineers  at 
various  times  since  1875,  and  extensive  explor- 
ations have  been  made  to  determine  the  proper 
location,  and  character,  and  depth,  of  bed  rock. 
All  the  earlier  designs  called  for  a  dam  about 
150  feet  high.  Finally  the  design  of  an  earthen 
dam  220  feet  high,  together  with  the  available 
exploration,  hydrogTaphic  and  meteological  data 
and  topographical  maps  of  the  reservoir  and 
damsite,  were  submitted  for  approval  to  Mr.  J. 
R.  Freeman,  an  eminent  authority  on  the  de- 
sign of  dams,  by  the  officers  of  the  Spring  Val- 
ley Water  Company.  These  plans  did  not  meet 
with  Mi.  Freeman's  approval,  and,  at  his  own 
suggestion,  in  April,  1911,  he  presented  to  the 
officers  of  the  Spring  Valley  Water  Company 

a  preliminary  design  of  a  combined  concrete 
and  earthen  dam  having  a  height  of  250  feet,  as 
a  substitute  for  the  design  previously  submitted 
to  him.  He  recommended  further  exploration 
because  the  location  of  the  dam  proposed  by 
him  differed  somewhat  from  the  location  of  that 
submitted  to  him.     (See  Plate  5.) 

Plans  of  Calaveras  Dam  Pre- 
pared by  Freeman. 

In  June.  1911,  construction  on  the  Calaveras 
Dam,  according  to  the  Freeman  preliminary  de- 
sign, was  begun  by  stripping  the  loose  material 
from  the  canyon  wall  with  a  hydraulic  monitor. 
When  the  stripping  of  the  east  abutment  was 
well  under  way  Mr.  Freeman  again  visited  the 
damsite,  examined  the  bed  rock  conditions,  ex- 
pressed himself  as  well  satisfied  with  them,  and 
instructed  me  to  strip  the  abutments  10  feet 
higher,  as  it  was  his  intention  in  his  final  design 
to  increase  the  height  of  the  dam  in  his  pre- 
liminary design  by  that  amount,  making  a  total 
height  of  260  feet. 

The  Storage  Capacity  of 
Calaveras  Reservoir. 

Comparing  these  various  designs  and  the 
physical  data  relating  to  each,  we  have: 


Length.  Storage  capacity  of 
Design.  Height,  on  top.  reservoir. 

Presented     to     Free- 
man for  approval.  .220  ft.     875  30,500  M.  G. 

Freeman's      prelimln-  ^46,300    "    normal 

ary  design 250"      900^52,500    "    maximum 

Freeman's     final     de-  ^52,500    "    normal 

sign   260"      940558,300    "    maximum 

The  storage  that  will  obtain  under  the  Free- 
man final  design  has  been  used  for  the  purpose 
of  this  report.  It  is  proposed  to  have  the  nor- 
mal flow  line  10  feet  below  the  crest  of  the  dam, 
arranged  in  such  a  way,  however,  that  the  5  feet 
above  the  flow  line  may  be  utilized  when  neces- 
sary, making  the  water  surface  at  such  times  5 
feet  below  the  crest  of  the  dam. 

Thus  while  the  storage  capacity  at  the  normal 
flow  line  is  52,500  M.  G-.,  its  storage  capacity 
that  may  be  used  when  necessary  is  55,000  M.  G-., 
and  if  used  in  the  same  manner  as  proposed  by 
Mr.  Freeman  in  his  preliminary  plan,  the  water 
surface  in  case  of  a  cloudburst  may  be  level  with 
the  crest  of  the  dam,  in  which  case  the  storage 
becomes  58,300  M.  G. 

The  Calaveras-Alameda  Tunnel 
Designed  to  Carry  Extreme 
Floods. 

As  above  explained,  the  purpose  of  this  tunnel 
is  to  deliver  water  from  the  Upper  Alameda  into 
the  Calaveras  Reservoir.  It  must  be  compara- 
tively large  to  accommodate  the  floods  of  the 
Upper  Alameda.  Measurements  of  Upper  Ala- 
meda floods  are  very  few  in  number.  There  were 
no  large  floods  in  the  season  of  1911-1912,  though 
in  1910-1911  we  have  record  of  what  is  probably 
a  maximum  flood.  This  flood,  at  its  peak,  was 
running  at  the  rate  of  2100  million  gallons  per 
day. 

I  have  designed  a  tunnel  connecting  the  Up- 
per Alameda  with  the  arm  of  the  Calaveras  Res- 
ervoir that  extends  up  the  Hondo.  With  a  grade 
of  62%  feet  per  mile,  this  has  a  capacity  of  over 
2000  M.  Or.  D.  A  small  reservoir  will  be  created 
by  the  diversion  dam  in  the  Upper  Alameda, 
which  will  act  as  a  regulator,  and  by  reason  of 
the  fact  that  the  peak  of  the  high  floods  lasts  but 
for  a  few  hours,  there  is  every  reason  to  believe 
that  practically  all  the  waters  of  the  Upper  Ala- 
meda will  be  stored  in  the  Calaveras  Reservoir. 
Even  though  the  peaks  of  extreme  floods  do 
escape,  the  loss  will  not  exceed  1%  of  the  total 
run-off. 
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Plate  6 


LONGEST  CYCLE  OF  DRY  YEARS  OCCURRED  DURING   LAST    23    YEARS.      MEASUREMENTS    OF 
STREAM  FLOW  IN  THE  ALAMEDA  SYSTEM  COVER  THIS  PERIOD. 
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SHOWING  THAT  WHEN  THIS  DAM  IS  BUILT  TO  THE  HEIGHT  PROPOSED  BY  J.  R.  FREEMAN 
IT  WILL  CONTAIN  FOR  SAN  FRANCISCO  NEARLY  TWICE  THE  STORAGE  OF  ALL  THE  PRES- 
ENT LAKES  OF  ITS  SUPPLY. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


The  Calaveras  Reservoir  Will 
Safely  Yield  Over  60  Mil- 
lion Gallons  Daily. 

In  computing  the  safe  yield  of  the  Calaveras 
Reservoir  I  have  therefore  used  the  combined 
catchment  areas  of  the  Calaveras  proper,  and  the 
Upper  Alameda  as  a  feeder,  aggregating  133.62 
square  miles. 

By  combining  the  run-offs  where  actual 
measurements  are  available  and  the  estimated 
run-offs  as  determined  in  Appendix  "B",  we 
are  enabled  to  construct  the  mass  diagram  shown 
on  Plate  6,  giving  the  approximate  run-off  at 
Calaveras  for  a  period  of  63  years. 

From  this  diagram  it  is  seen  that  the  most 
severe  test  on  the  draft  from  the  reservoir  oc- 
curs during  the  23-j'ear  period  in  which  records 
of  run-off  from  the  Alameda  System  are  avail- 
able. 

By  reason  of  this  another  mass  curve  has  been 
made,  Plate  7,  on  which  is  shown  cumulatively 
the  run-off  at  Calaveras  for  the  last  23  years. 
Of  the  23  seasonal  records  massed  in  this  dia- 
gram, 12  are  actual  measurements,  while  the 
others  have  been  ascertained  by  much  more  ac- 
curate methods  than  those  used  for  the  63-year 
mass  curve,  the  latter  being  merely  an  index  to 
show  where  the  most  severe  test  shall  be  applied. 

Using  the  maximum  storage  of  Calaveras  Res- 
ervoir in  accordance  with  Mr.  Freeman's  iSnal 
plans,  the  draft  line  for  the  safe  continuous  gross 
draft  from  this  reservoir  is  found  in  this  mass 
curve  to  be  65  M.  G.  D.  After  deducting  for 
evaporation  from  the  lake  surface  at  the  rate  of 
48"  per  year  (see  Appendix  "C")  the  safe  net 
withdrawal  from  the  Calaveras  Reservoir  by 
utilizing  the  combined  catchment  areas  of  the 
Calaveras  and  Upper  Alameda  (133.62  square 
miles)  is  found  to  be  60.14  M.  6.  D.,  which  alone 
is  approximately  70%  greater  than  the  present 
daily  consumption  of  San  Francisco. 

From  the  mass  diagram,  Plate  6,  showing  the 
summation  of  approximate  flow  for  the  63-year 
period,  it  is  seen  that  prior  to  1889-90  surplus 
would  probably  have  occurred  five  times,  as  fol- 
lows : 

Approximate 
Season.  surplus,  M.  G. 

1861-62 17,000 

1867-68 30,000 

1868-69 12,000 

1869-70 4,000 

1871-72 4,000 


The  waste  in  1867-8  is  far  in  excess  of  that 
which  would  have  occurred  in  the  other  years. 

By  reference  to  the  mass  diagram,  Plate  7,  for 
the  period  1889-1890  to  1911-12,  during  wliich 
we  have  actual  measured  run-off  and  rainfall 
data  in  the  Alameda  "Watershed  covering  a 
period  of  23  years  upon  which  to  compute  more 
closely  the  seasonal  run-off,  it  is  seen  that  there 
would  have  been  a  surplus  of  water  four  times, 
and  disregarding  this  surplus  the  reservoir  would 
be  again  full  after  the  floods  of  1910-11.  At 
these  four  periods  the  surplus  water  would  have 
been  as  follows: 

Approximate 
Season.  surplus,  M.  G. 

1892-93 18,500 

1893-94 4,500 

1894-95 17,500 

1896-97 13,500 

Total 54,000 

This  surplus  has  not  been  included  in  the  es- 
timate of  the  dependable  draft  from  Calaveras 
Reservoir.  Distributed  over  the  23  years  it 
amounts  to  about  6.4  M.  G.  D. 

The  surplus  water  above  shown  will  flow  down 
Calaveras  and  Alameda  Creeks  to  the  Sunol  Val- 
ley, where  it  will  assist  in  sustaining  the  draft 
from  the  Sunol  Gravel  Reservoir. 

From  this  mass  diagram  it  will  be  noted  that 
the  reservoir  would  be  just  empty  at  the  begin- 
ning of  the  floods  of  1905-6  and  full  again  at  the 
end  of  the  floods  of  1910-1911.  In  the  summer 
of  1912,  following  the  remarkably  dry  winter  of 
1911-1912,  the  reservoir  would  still  be  about  % 
full. 

The  relation  between  the  catchment  area  of 
133.62  square  miles  and  the  storage  in  the  Cala- 
veras Reservoir  is  almost  ideal,  as,  even  exclud- 
ing the  surplus  water,  about  921/2  %  of  the  total 
run-off  is  conserved.  Rarely  is  such  an  exten- 
sive and  favorable  reservoir  site  available  below 
such  a  large  and  productive  catchment  area  and 
in  such  proximity  to  a  metropolis. 

Plate  8  shows  the  storage  capacity  and  area 
of  water  surface  for  different  depths  in  the  Cala- 
veras Reservoir.  Plate  9  shows  a  topographical 
map  of  Calaveras  Reservoir  and  section  of  dam. 

San  Antonio  Reservoir  Favorably 
Located  with  Regard  to 
Sunol  Gravels. 

The  San  Antonio  Reservoir  is  located  on  the 
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SAN  ANTONIO  WILL  YIELD  9  M.  G.  D. 
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San  Antonio  Creek,  a  branch  of  the  Alameda 
Creek,  the  confluence  of  which  is  about  1  mile 
above  Sunol.  The  reservoir  itself  is  located  about 
21/2  miles  from  Sunol,  with  an  elevation  of  450 
feet  above  sea  level.  It  occupies  the  La  Costa 
Valley  and  its  proximity  to  the  Sunol  gravels 
and  gathering  point  of  all  the  waters  of  the  Ala- 
meda System,  lends  an  additional  value  to  this 
reservoir. 

"While  treated  in  this  report  purely  as  a  stor- 
age reservoir,  it  will,  when  constructed,  be  oper- 
ated largely  as  a  regulating  reservoir  in  con- 
junction with  the  Sunol  Gravel  Reservoir.  In 
this  manner  its  efficiency,  together  with  that  of 
the  Gravel  Reservoir,  will  be  greatly  increased. 

Catchment  Area. 

Its  tributary  catchment  area  ranges  from 
about  500  to  3800  feet  in  elevation  above  sea 
level,  and  is  not  so  uniformly  rugged  nor  as  well 
covered  with  trees  and  shrubs  as  are  the  Cala- 
veras and  Upper  Alameda  catchment  areas.  On 
its  north  side  are  gently  rolling  hills,  while  on  i  ts 
south  the  mountains  are  bold  in  outline,  culmina- 
ting in  Maguires  Peak,  which  has  an  elevation  of 
3800  feet  above  sea  level.  To  the  east  rises 
abruptly  the  main  range  dividing  the  waters  of 
the  Calaveras  from  those  of  the  Arroyo  Valle. 
Its  watershed  encloses  a  catchment  area  of  38.7 
square  miles.  The  only  stream  of  size  entering 
Ihe  San  Antonio  Reservoir  is  the  San  Antonio 
Creek,  the  waters  of  which  now  disappear  into 
the  Sunol  Gravels,  except  in  floods,  and  in  this 
sense  the  San  Antonio  Creek  is  at  present  a 
tributary  to  the  Sunol  filter  beds. 

Precipitation. 

Precipitation  over  the  catchment  area  occurs 
inostly  in  the  form  of  rain,  though  the  high  peaks 
to  the  south  are  often  covered  with  snow.  The 
station  nearest  San  Antonio  Reservoir  where 
precipitation  records  have  been  kept  is  at  Sunol, 
where  rainfall  has  been  measured  for  23  years. 

In  Appendix  "A"  the  mean  seasonal  areal 
precipitation  for  the  San  Antonio  catchment 
area  is  found  to  be  23.93  inches,  with  a  minimum 
of  7.86  inches,  and  a  maximum  of  50.71  inches. 
The  seasonal  areal  precipitation  is  tal)alatcd  in 
Appendix  A. 

The  regimen  of  the  San  Antonio  Creek  is  simi- 


lar to  that  of  the  Calaveras  and  Upper  Alameda. 
During  the  wet  season  of  the  year  it  is  often  a 
torrent,  while  during  the  summer  time  its  flow 
diminishes  to  a  small  stream. 

Run-otF. 

Run-off  records  of  the  San  Antonio  Creek  are 
available  only  for  the  flood  periods  of  1905-6, 
and  for  the  last  half  of  the  season  of  1911-1912. 
Run-off  curves  for  San  Antonio  catchment  area 
have  been  constructed  and  are  shown  in  Ap- 
pendix "B"  on  plates  B-2  and  B-6.  By  combin- 
ing these  curves  with  the  areal  rainfall,  as  given 
in  Appendix  "A",  the  probable  flow  of  San  An- 
tonio Creek  for  each  season  during  the  period 
1849-1850  to  1911-1912  has  been  computed. 

Storage  Capacity  of  San  Antonio 
Reservoir  May  Be  Increased 
When  Necessary. 

The  present  design  of  the  San  Antonio  Dam 
calls  for  an  earthen  structure  145  feet  high, 
creating  in  the  San  Antonio  Reservoir  a  storage 
of  11,674  M.  G.  Explorations  have  been  made 
determining  the  character  and  position  of  bed- 
rock. These  are  excellent,  and  should  it  be  found 
desirable  at  some  future  date  to  increase  the 
height  of  the  dam,  it  may  be  done  in  all  safety 
to  the  limit  of  height  for  this  type  of  structure. 

San  Antonio  Reservoir  Will  Safely 
Yield  Nearly  9  Million 
Gallons  Daily. 

To  determine  the  safe  yield  of  the  San  Antonio 
Reservoir,  the  probable  run-off  for  the  63  years' 
period  is  shown  cumulatively  in  the  mass  dia- 
gram, Plate  10.  From  this,  as  in  the  case  of  the 
Calaveras,  the  period  which,  together  with  avail- 
able storage,  largely  determines  the  safe  draft 
occurs  within  the  last  23  j'ears  where  we  have 
actual  measurements  of  run-off.  The  run-off 
of  San  Antonio  Creek,  as  more  closely  de- 
termined for  these  23  years  where  run-off  meas- 
urements are  available  in  the  Alameda  System, 
is  shown  on  mass  diagram,  Plate  11.  Upon  this 
mass  diagram  is  indicated  the  safe  continuous 
draft  that  may  be  made  upon  this  reservoir  with 
due  consideration  for  the  available  storage. 

Reference  to  this  diagram  reveals  that  sur- 
plus water  beyond  what  is  necessary  for  a  full 
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THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


reservoir  occurred  four  times,  one  of  which  was 
large  and  the  other  three  small.  The  surplus 
waters  are  as  follows : 

Season.  Amount,  M.  G. 

1892-93 900 

1893-94 1,100 

1894-95 2,800 

1896-97 300 

Total 5,100 

The  reservoir  was  just  empty  at  the  begin- 
ning of  the  floods  of  1905-6,  at  which  time  the 
storage  increased  rapidly  in  spite  of  the  draft 
upon  it,  and  was  practically  fuU  at  the  end  of 
the  floods  of  1910-11. 

The  gTOss  draft  from  the  San  Antonio  Reser- 
voir imder  these  conditions  is  found  to  be 
10.95  M.  G.  D. 

By  deducting  an  evaporation  loss  of  48"  per 
year  over  the  area  of  the  water  surface  of  the 
reservoir  the  net  safe  yield  becomes  8.92  M.  G.  D. 

Surplus  Water  From  San  Antonio 

Reservoir  Enters  Sunol  Gravels. 

The  surplus  waters  in  the  seasons  above  enu- 
merated will  be  discharged  into  the  Sunol  Gravel 
Reservoir,  where  they  will  assist  in  maintaining 
the  draft  from  the  Sunol  gravels. 

The  San  Antonio  Reservoir  and  the  Sunol 
Gravel  Reservoir  are  so  closely  related  that  they 
will  always  be  operated  in  unison,  San  Antonio 
Reservoir  being,  in  fact,  a  regulator.  Effort 
will  be  made  to  keep  the  water  in  the  gravels 
rather  than  in  the  surface  storage  reservoir  in 
order  to  reduce  loss  of  evaporation.  For,  where- 
as in  a  storage  reservoir  the  surface  of  the  water 
is  subject  to  the  action  of  the  direct  ray  of  the 
sun  as  well  as  thirsty  winds,  in  the  gravels  the 
water  is  covered  and  cool,  and  capillary  tubes, 
which  form  like  so  many  myriads  of  pumps  in 
the  denser  soils  and  thereby  pull  the  water  to  the 
surface  to  be  evaporated,  do  not  form  in  gravel 
and  sand,  such  as  make  up  the  great  bodj^  of 
gravel  at  Sunol.  Fortunately  these  gravels  are 
for  the  most  part  uncovered  with  soil,  and 
where  soil  does  exist  it  is  a  thin  layer. 

Thus  it  is  seen  that  probably  both  the  effi- 
ciency and  productiveness  of  the  San  Antonio 
Reservoir  will  be  increased  by  its  use  in  har- 
mony and  conjunction  with  the  Sunol  gravel 
reservoir. 

Plate  12  shows  the  storage  capacity  and  area 


of  water  surface  for  different  depths  in  the  San 
Antonio  Reservoir. 

Plate  13  shows  a  topographical  map  of  San 
Antonio  Reservoir  and  section  of  dam. 

The  Arroyo  Valle  Reservoir  Is 
Located  a  Short  Distance 
from  Livermore  Valley. 

The  Arroyo  Valle  Reservoir  is  located  in  the 
Arroyo  Valle  Creek,  about  7  miles  from  the  town 
of  Livermore.  It  is  4  miles  upstream  from  the 
Cresta  Blanca  Winery  and  Vineyard,  where  the 
Arroyo  Valle  debouches  from  the  hills  and  begins 
to  sink  into  the  great  gravel  reservoir  uaderlying 
Livermore  Valley.  It  is  a  rather  long,  narrow 
valley,  about  3  miles  long  and  about  one  wide 
in  the  widest  place,  surrounded  on  all  sides  by 
rugged  mountains. 

Catchment  Area. 

Above  the  site  of  the  Arroyo  Valle  Reservoir 
there  is  a  tributary  catchment  area  of  140.8 
square  miles,  striking  in  a  general  southeasterly 
direction  past  the  eastern  flank  of  Mt.  Hamilton 
to  the  headwaters  of  the  Coyote  River. 

Exposed  rocky  slopes  are  to  be  observed  very 
generally  throughout  the  watershed,  some  of  the 
most  inaccessible  parts  of  the  Alameda  System 
lying  within  its  limits.  Personal  examination  of 
this  catchment  area  shows  it  to  be  one  of  fairly 
good  rainfall,  favorable  to  high  run-off,  though 
not  equal  to  the  productiveness  of  the  Calaveras 
watershed. 

Precipitation. 

Precipitation  occurs  both  in  the  form  of  rain 
and  snow.  Even  in  the  exceptionally  dry  winter 
of  1911-12,  snow  fell  in  this  watershed. 

No  precipitation  record  covering  long  periods 
has  been  kept  within  the  watershed,  the  longest 
being  at  the  Arroyo  Valle  Reservoir  site,  which 
covers  the  seasons  of  1904-5,  1905-6  and  1911-12. 
The  result  of  two  years'  observations  at  18 
stations  lying  in  the  extreme  southerly  end  of 
the  watershed  is  given  by  Messrs.  Haehl  &  Toll 
in  Vol.  61  of  the  Transactions  of  the  Am.  Soc.  of 
C.  B.,  and  previously  discussed. 

The  longest  record  near  to  the  watershed 
is  at  Livermore,  tying  out  in  the  open  Livermore 
Valley.     This  record  covers  41  years,  from  the 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


season  of  1871-72  to  the  present  date.  The  loca- 
tions and  means  of  the  stations  after  expanding 
to  63  years  are  shown  on  Plate  A-2  and  are  dis- 
caused  in  detail  in  Appendix  "A".  From  the 
isohyetal  lines  on  Plate  A-2  the  mean  areal  pre- 
cipitation is  found  to  be  20.80  inches.  (Ap- 
pendix "A".)  During  the  past  23  years  the 
minimum  areal  precipitation  is  f  oimd  to  be  11.20 
inches  per  season,  and  the  maximum  37.10  in- 
ches per  season. 

Actual  Gagings  of  Arroyo  Valle 
for  Five  Years. 

The  run-off  from  the  Arroyo  Valle  catchment 
area  is  discussed  in  Appendix  "B". 

Actual  run-off  measurements  at  Arroyo  Valle 
Reservoir  are  available  for  the  period  1905-6  to 
1907-8  and  for  the  first  half  of  the  year  1912.  The 
measurements  show  that  the  regimen  of  the 
stream  varies  between  wide  limits,  the  low  water 
flow  being  less  than  1  M.  G.  D.,  while  floods  in 
excess  of  3000  M.  G.  D.  have  been  measured. 
Naturally,  the  entire  low  water  flow  sinks  into 
the  Liverraore  gravels,  as  does  also  perhaps  half 
of  the  flood  waters,  the  remainder  escaping  into 
Laguna  Creek  and  contributing  to  the  disastrous 
floods  below  Niles,  previously  mentioned. 

"When  these  works  are  completed  the  floods 
will  inflict  far  less  damage  on  people  living  be- 
low, and  the  water  will  be  put  to  useful  pur- 
poses. 

Utilizing  the  run-off  curves  developed  and  dis- 
cussed in  detail  in  Appendix  "A".  From  the 
Arroyo  Valle  Catchment  area  has  been  esti- 
mated approximately  for  the  period  1849-50  to 
1888-89,  and  with  greater  accuracy  for  the  23- 
year  period,  1889-90  to  1911-12,  where  we  have 
complete  record  of  discharge  measurements  for 
the  whole  Alameda  System,  and  numerous  other 
discharge  measurements  for  the  subsidiary  catch- 
ment areas.  Where  actual  measurements  are 
available  they  are,  of  course,  used. 

Arroyo  Valle  Dam  Has  Excellent 
Foundations. 

Plans  for  the  Arroyo  Valle  Dam  call  for  an 
earthem  structure  155  feet  high.  The  site  is  a 
very  good  one.  as  indicated  both  by  geological 
examination  and  by  exploration  work.  The  ex- 
ploration works  consist  of  both  shafts  and  drill 
holes.    Plate  14  shows  the  geological  formation 


as  determined  by  Dr.  Branner.  The  results  of 
exploration  are  shown  on  same  plate. 

The  height  of  this  dam  is  limited  to  155  feet, 
not  because  of  any  foundational  conditions,  but 
because  this  is  believed  to  be  amply  high  to  con- 
serve all  the  waters  of  the  Arroyo  Valle  when 
used  in  conjunction  with  the  Livermore  gravels. 
>Should  it  be  warranted  by  longer  records  and 
experience,  this  dam,  like  that  at  San  Antonio, 
may  be  increased  in  height  to  the  practical  limit 
of  that  type  of  structure. 

Ample  amounts  of  excellent  dam  material  are 
available  very  close  to  the  site. 

Storage. 

The  Arroyo  Valle  Reservoir  as  designed,  with 
a  height  of  155  feet,  will  have  a  storage  capacity 
of  13,830  M.  G.  By  increasing  the  height  to  195 
feet,  20,000  M.  G.  storage  would  be  made 
available. 

Arroyo   Valle  Reservoir  Will 
Regulate  Floods  and 
Conserve  all  Water. 

The  Arroyo  Valle  Reservoir,  because  of  its 
strategic  position  with  regard  to  the  Liverraore 
underground  gravel  reservoir,  maj'  be  used  in 
two  ways,  either  as  a  purely  storage  reservoir,  or 
as  a  regulating  reservoir,  in  which  latter  capacity 
it  will  serve  very  materially  to  increase  the 
amount  of  Arroyo  Valle  water  which  will  be  ab- 
sorbed by  the  Livermore  gravels.  This  great  ad- 
vantage will  appeal  to  anyone  versed  in  the 
operation  of  water  supplies. 

If  used  purely  as  a  storage  reservoir,  effort 
would  be  made  to  keep  the  reservoir  full,  regard- 
less of  the  size,  occurrence,  or  character  of  floods, 
and  much  waste  and  loss  by  evaporation  would 
result. 

On  the  other  hand,  if  used  as  a  regulating  res- 
ervoir, effort  would  be  made  to  keep  it  empty. 
By  this  I  mean,  that  its  office  would  be  to  retard 
the  floods,  letting  the  water  down  into  the  under- 
ground gravel  reservoir  as  rapidly  as  the  gravels 
could  be  made  to  absorb  it,  and  thereby  provid- 
ing an  empty  reservoir  to  smooth  out  the  flood 
wave  of  the  next  flood.  These  floods  are  of 
very  short  duration  and  extremely  high  intensity, 
and  without  such  regulation  would  rush  out  over 
the  gravel  too  rapidly  to  be  completely  absorbed. 
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Plate  16 


ARROYO  VALLE  RESERVOIR  WILL  BE  MORE    EFFICIENT   AS   A  REGULATOR   THAN   AS   A 

PURELY   STORAGE  RESERVOIR. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


Taking  the  seasons  1905-06  and  1906-07  as  an 
example,  where  we  have  actual  measurements  of 
the  stream  flow  at  Arroyo  Valle,  the  peak  of  the 
high  flood  in  this  ease,  which  occurred  March  23, 
1907,  was  at  the  rate  of  over  3000  M.  G.  D. 
I'hese  seasons  have  been  plotted  in  the  form  of 
a  mass  diagram  on  Plate  15,  which  shows  the 
rapid  jumps  in  the  flow  during  storms.  By  using 
the  reservoir  as  a  regulator  and  letting  the  water 
out  at  the  rate  of  211  M.  G.  D.,  the  reservoir 
would  never  have  been  more  than  full.  Thus, 
instead  of  an  abrupt  and  intense  flood  of  3000 
M.  G.  D.  reaching  the  surface  of  the  underground 
gravel  reservoir,  water  would  be  applied  to  the 
gravel  at  a  rate  not  to  exceed  211  M.  G.  D., 
which  is  a  very  convenient  amount  of  M'ater  to 
handle. 

Similarly,  for  the  fl-ood  of  March,  1906,  instead 
of  contending  with  a  flood  at  the  rate  of  nearly 
2500  M.  G.  D.,  by  using  the  Arroyo  Valle  Reser- 
voir as  a  regulator,  even  less  than  211  M.  G.  D 
would  have  to  be  applied  to  the  gravels.  It  will 
be  noted  that  in  this  way  the  water  handled  is  at 
the  rate  of  less  than  10%  of  the  flood  rate,  show- 
ing the  great  efficiency  of  the  Arroyo  Valle  Res- 
ervoir in  arresting  the  floods  from  its  catchment 
area. 

Observations  made  on  the  gravels  in  the  creek 
bed  of  the  Arroyo  Valle  Creek  showed  that 
water  entered  them  freely  at  the  rate  of  10 
cubic  feet  per  square  foot  per  day,  or  approxi- 
mately 180  M.  G.  D.  per  square  mile  of  superficis) 
area,  and  this  in  the  winter  of  1911-12,  when  the 
entire  flow  of  the  Arroyo  Valle  sank  into  the 
Livermore  gravels.  I  have  analyzed  the  Arroyo 
Valle  Reservoir  in  both  ways. 

Plate  16  shows  a  mass  curve  of  flow  at  Arroyo 
Valle  Reservoir  as  estimated  for  63  years  and 
Plate  17  shows  the  mass  curve  for  Arroyo  Valle 
Reservoir  for  the  flow  for  23  years,  as  determined 
in  Appendix  "B".  On  this  latter  plate  is  also 
shown  the  gross  safe  draft  from  Arroyo  Valle 
Reservoir  if  considered  purely  as  a  storage  reser- 
voir, which  is  nearly  17  M.  G.  D.,  with  many 
waste  periods. 

If  used  as  a  purely  storage  reservoir,  the  height 
of  the  dam  would  be  increased  about  40  feet, 
giving  a  storage  of  20,000  M.  G.  In  this  case  the 
gross  safe  draft  would  be  21.6  M.  G.  D.,  with  the 
following  waste : 


Season  M.  G. 

1890-91 3,800 

1892-93 20,000 

1893-94 6,100 

1894-95 11,200 

1895-96 1,800 

1896-97 8,100 

1906-07 17,600 

1908-09 6,100 

1910-11 13,600 

Total 88,300 

It  is  seen  from  Plate  17  that  the  period  1897- 
98  to  1905-6  determines  the  safe  draft. 


Regulation  by  Arroyo  Valle  Reservoir 
Simplifies     Handling  of 
Floods. 

Considering  the  Arroyo  Valle  Reservoir  now  as 
a  regulator  with  a  storage  of  13,830  M.  G.,  we 
find  (Plate  17)  that  without  more  than  filling  the 
reservoir  at  any  time  the  maximum  draft  that 
will  be  required  is  at  the  rate  of  about  250 
M.  G.  D.  in  1889-90.  The  next  greatest  draft  is 
211  M.  G.  D.  in  1906-7,  all  the  others  being 
less  than  100  M.  G.  D. 

These  dra.fts  represent  the  rate  at  which  water 
must  be  applied  to  the  surface  of  the  under- 
ground reservoir  from  the  Arroyo  Valle  Water- 
shed. Unless  they  occur  when  the  gravels  are  in 
a  state  of  complete  saturation,  it  is  a  simple  mat- 
ter to  force  the  gravels  to  absorb  water  at  these 
rates.  It  is  very  common  for  irrigation  projects 
to  handle  more  than  this  amount  and  to  force 
it  into  the  ground. 

In  the  Imperial  Valley,  in  Southern  California, 
many  times  this  amount  of  water  has  been 
handled  and  forced  into  the  minute  pores  of  the 
dense  clayey  soils,  instead  of  such  surface  as  the 
open,  porous  gravels  of  the  Livermore  Valley. 
The  Colorado  River  water  used  in  Imperial 
Valley  probably  deposits  more  silt  in  a  single  ir- 
rigaticn  than  would  the  whole  of  the  flow  from 
the  Arroyo  Valle  Watershed  in  a  century. 

Arroyo  Valle-San  Antonio  Tunnel. 

The  Arroyo  Valle  Reservoir  may  be  connected 
with  San  Antonio  Rteservoir  by  means  of  a  tun- 
nel four  miles  long,  whereby,  if  it  is  found  desir- 
able, the  waters  stored  in  the  Arroyo  Valle  Res- 
ervoir may  be  discharged  into  the  San  Antonio 
Peservoir,  where  they  may  be  held  temporarily, 
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SUPERSEDES. 


SPRING  VALLEY  WATER  CO. 
ALAMEDA  SYSTEM 


Superseded  by. 


WILL  BE  USED  TO  REGULATE  LARGE  FLOOD  IN  THE  ARROYO  VALLE.     WITHDRAWALS  WILL 
BE  M.A.DE  IN  CONVENIENT  AMOUNTS  TO  SATURATE  LIVERMORE  GRAVELS. 
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or  whence  they  may  be  conveyed  to  San  Fran- 
cisco. 

Because  of  the  fact  that  the  Arroyo  Valle 
Reservoir  is  350  feet  higher  than  the  San  Antonio 
Reservoir,  power  may  be  developed  by  this  water. 

Plate  18  shows  the  storage  capacity  and  area 
of  water  surface  for  different  depths  in  the 
Arroyo  Valle  Reservoir. 

Plate  19  shows  a  topographical  map  of  the 
Arroyo  Valle  Reservoir  and  a  section  of  the  dam. 

Livermore  Underground  Reservoir. 

The  Livermore  Valley  comprises  an  area  of 
about  60  square  miles,  lymg  in  the  easterly  por- 
tion of  Alameda  County,  California,  at  an  eieva- 
lion  of  between  350  and  600  feet.  It  is  quite  flat 
in  topography,  having  a  gentle  slope  from  its 
easterly  to  its  westerly  edge,  a  distance  of  13  to 
14  miles. 

The  floor  of  the  valley  is  traversed  by  frequent 
depressions,  marking  the  meanderings  of  the  old 
stream  channels  as  they  swung  back  and  forth  in 
their  pendulum-like  motion,  forming  the  valley 
till.  The  valley  is  surrounded  by  foothills  of 
varying  character.  Those  to  the  west  and  nortli 
are  quite  steep  and  precipitous,  while  those  to 
the  east  and  south  have  more  gentle  slopes.  A 
narrow  range  of  hills  on  the  east  separates  the 
Livermore  Valley  from  the  San  Joaquin,  while 
the  hills  to  the  north  and  south  are  undulating 
foothills  to  more  extensive  ranges.  On  the  west 
the  mountains  rise  abruptly  from  the  plain  form- 
ing the  great  scarp  that  designates  the  location 
of  the  San  Ramon-Calaveras  fault. 

Up  to  within  the  last  few  years  the  western  or 
lower  end  of  this  valley  was  one  vaist  marsh  and 
shallow  lake,  embracing  between  three  and  five 
square  miles,  with  an  abundance  of  such  vege- 
tation as  is  indigenous  to  soils  in  marshy 
conditions. 

During  the  entire  year  water  from  this  marsh 
spilled  over  its  boundaries  into  Laguna  Creek, 
which  carried  it  seaward  through  Alameda  Creek 
und  Niles  Canyon. 

During  flood  stages  the  surface  streams  of 
Livermore  Valley  flowed  through  this  marsh 
and  lake  as  they  wasted  into  San  Francisco  Bay, 
and,  because  of  the  ease  with  which  these  waters 
could  i-each  Laguna  Creek,  but  little  of  them 
remained  behind. 


Artesian  Waters  Supply  Loss 
from  Marsh  Land. 

The  loss  from  evaporation  from  this  broad 
sheet  of  marsh  lands  and  lake  was  constantly  re- 
placed, and  the  elevation  of  the  water  surface 
therein  was  maintained  from  subterranean 
sources  under  stress  of  artesian  conditions. 

It  has  long  been  known  by  interested  and  ob- 
serving persons  that  the  waters  which  entered 
this  marsh  from  subterranean  sources  were  the 
reappearance  of  waters  from  the  surrounding 
watershed.  These  waters  sank  into  the  porous 
floor  of  the  valley  during  the  wet  season,  and,  in 
point  of  fact,  the  lake  and  marsh  were  but  the 
spillway  of  an  underground  lake  of  large  pro- 
portions. The  availability  of  a  large  water  sup- 
ply from  this  source  has  long  been  recognized  by 
the  management  of  the  Spring  Valley  Water 
Company,  and  steps  were  taken  to  acquire  prop- 
erty and  rights  which  would  enable  this  Com- 
pany to  avail  itself  of  the  abundant  water  which 
was  here  annually  going  to  waste  in  the  form  of 
surface  run-off,  evaporation  and  transpiration, 
and  to  utilize  the  great  storage  basin  which  was 
excavated  and  hemmed  in  by  Nature. 

Tributary  Streams. 

The  Livermore  Valley  is  the  final  catchment  of 
the  water  product  of  some  400  square  miles  of 
watershed.  Besides  several  streams  of  less  im- 
portance, three  main  streams  enter  it  from  the 
east  and  southeast. 

The  Arroyo  Valle  Is  the  First. 

Of  these  three,  the  Arroyo  Valle  is  the  largest, 
serving  about  140.8  square  miles  of  watershed. 
This  stream  rises  in  the  high  Mt.  Hamilton 
range  and  traverses  a  territory  whose  precipita- 
tion ranges  from  7  to  37  inches  per  year,  and 
whose  topography  and  geology  are  favorable  to 
good  run-off.  It  enters  the  valley  on  the  south 
side  at  a  point  about  three-quarters  the  distance 
from  its  westerly  to  its  easterly  extremity  and 
nearly  due  south  of  the  toM^n  of  Livermore.  After 
entering  the  valley  the  creek  flows  northeast, 
along  a  very  wide  and  shallow  channel,  near  to 
and  parallel  with  the  foothills  which  form  the 
southern  boundary  of  the  Livermore  Valley.  All 
along  the  course  of  this  channel  are  seen  depres- 
sions and  benches  which  indicate  the  direction 
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the  stream  followed  in  the  past  as  it  wandered 
through  the  valley.  All  of  these  branches  and 
depressions  are  made  up  to  a  large  extent  of 
gravels  and  sands,  which  are  now  hidden,  with 
only  a  small  amount  of  gravelly  soil.  The  Arroyo 
Valle  continues  in  a  northeasterly  direction  for 
some  six  miles,  until  near  the  town  of  Pleasanton 
it  swings  to  the  west  and  continues  on  through 
Pleasanton  to  Laguna  Creek,  having  traversed 
the  valley  in  its  meanderings  for  a  distance  of 
over  nine  miles. 

Just  a  short  distance  from  the  point  where  the 
stream  turns  to  the  west,  it  leaves  the  wide 
gravelly  beds  through  which  it  has  been  passing 
and  enters  a  more  restricted  channel,  the  banks 
of  which  are  a  fine,  silty,  sandy  loam.  This 
fine  sandy  soil  continues  to  Laguna  Creek. 

The  Arroyo  Mocho  Is  the  Second. 

The  Arroyo  Mocho  is  the  second  largest  creelc 
entering  Ijivermore  Valley.  It  lies  to  the  east 
of  the  Arroyo  Valle  and  drains  from  the  south  in 
a  general  northwesterly  direction,  paralleling  the 
Arroyo  Valle  and  serving  a  watershed  of  about 
461/2  square  miles.  It  enters  the  Livermore  Val- 
ley near  the  southeast  corner  about  five  miles 
southeast  of  the  town  of  Livermore,  and  con- 
tinues in  a  northwesterly  direction  across  the 
valley  floor,  passing  just  to  the  south  of  Liver- 
more. Upon  entering  the  valley  the  Mocho  fol- 
lows a  very  wide,  flat,  gravelly  channel,  with 
wider  gravelly  overflow  plains  on  either  side. 
The  width  of  this  overflow  plain  increases  as  the 
stream  approaches  Livermore,  where  the  banks 
are  so  low  that  it  has  been  known  to  overflow 
and  force  great  streams  of  water  over  the 
streets  of  the  town,  more  than  a  mile  away  from 
the  main  channel.  About  one  mile  below  Liver- 
more the  main  stream  channel  runs  through  a 
fine,  sandy  loam.  As  the  stream  emerges  from  this 
loam  soil,  about  two  miles  west  of  Livermore,  its 
waters  spread  out  over  the  broad  floor  of  the  val- 
ley, and  when  the  ground  is  not  already  com- 
pletely saturated  they  disappear. 

Of  recent  years  the  owners  of  the  lands  sub- 
ject to  this  inundation  have  endeavored  to  pre- 
vent the  waters  from  spreading  broadcast  by 
constructing  an  artificial  canal  westerly,  and  at 
the  present  time  it  may  be  said  that  there  is  a 
well-defined  artificial  channel  to  a  point  within 


three  miles  of  Santa  Rita.  Beyond  this  point, 
however,  there  is  no  distinguishable  channel, 
even  at  this  time,  proving  conclusively  that  the 
waters  sink  into  the  gravels. 

The  building  of  the  canal  to  carry  the  Mocho 
waters  throws  much  light  upon  the  character 
of  the  material  over  which  these  waters 
naturally  spread  and  into  which  they  have  al- 
ways disappeared.  For  the  entire  distance  along 
this  canal  the  levees  are  made  up  almost  entirely 
of  gravel  and  coarse  sand,  there  being  very  little 
soil  of  any  kind.  Applying  the  same  conditions 
to  the  large  area  over  which  the  flood  waters 
spread,  one  can  readily  understand  why  the 
Mocho  waters  so  rarely  escape  to  Laguna  Creek. 

The  Arroyo  Las  Positas  Is  the  Third. 

The  creek  of  third  importance  is  the  Arroyo 
Las  Positas.  This  creek  drains  a  low  altitude 
■watershed  to  the  northeast,  as  well  as  the  eastern 
portion  of  the  Livermore  Valley,  comprising  in 
all  81.7  square  miles.  The  run-off  from  this 
watershed  enters  the  main  portion  of  the  valley 
just  north  of  Livermore,  where  the  low  hills 
separate  the  main  Livermore  Valley  from  Caye- 
tano  Creek  to  the  north.  The  Cayetano  joins  the 
Arroyo  Las  Positas  as  it  emerges  from  the  hills 
and  runs  in  a  westerly  direction,  this  joint 
stream  gradually  bearing  away  from  the  north- 
erly edge  of  the  valley  and  originally  continuing 
until  their  waters  joined  those  of  the  Mocho 
overflow  about  one  mile  southeast  of  Santa  Rita. 

The  soil  and  general  topography  of  the 
country  indicate  beyond  doubt  that  the  water  of 
the  Arroyo  Las  Positas,  during  times  of  flood, 
overflowed  its  banks  and  spread  out  to  the  south, 
joining  the  flood  waters  of  the  Mocho  that  spread 
over  the  porous  gravelly  area  west  of  Livermore. 
Of  late  years  the  Arroyo  Las  Positas  has  been 
confined  within  its  banks  by  a  system  of  levees, 
which  extends  from  Laguna  Creek  for  many 
miles  along  its  course  towards  the  point  where 
it  enters  tlie  valley.  Unlike  the  Arroyo  Valle 
aud  the  Arroyo  Mocho,  the  Arroyo  Las  Positas 
at  no  place  along  its  course  traverses  any  ex- 
tensive exposed  beds  of  sand  or  gravel,  but,  on 
the  contrary,  all  of  its  course  lies  in  clayey  adobe 
and  clay  loam.  In  fact,  with  as  small  a  discharge 
lis  four  or  five  second  feet  at  the  point  where  it 
enters  the  main  Livermore  Valley,  it  will  de- 
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crease  only  a  small  amount  between  there  and 
the  point  where  it  joins  the  artesian  waters  just 
east  of  Santa  Rita. 

Diablo  Drainage  Feeds  from 
the  North. 

Sixty-nine  square  miles  of  watershed,  lying 
just  north  of  the  Livermore  Valley  are  served 
by  Collier,  Cottonwood,  Tassajero  and  Alamo 
Creeks.  The  first  three  of  these  emerge  from  the 
hills  and  continue  in  a  general  southerly  direc- 
tion, discharging  their  waters  into  the  Arroyo 
Las  Positas.  The  Alamo  Creek  is  the  most  west- 
erly of  this  group.  It  drains  a  watershed 
of  about  26  square  miles  and  enters  the  val- 
ley near  its  northwestern  corner.  It  runs  in  a 
southwesterly  direction,  cutting  across  Amador 
Valley  and  joins  Laguna  Creek  just  east  of  the 
town  of  Dublin. 

All  the  streams  entering  the  valley  from  the 
north  traverse  beds  of  clay  adobe  soil  and  only 
in  limited  areas  do  their  courses  show  soils  of 
sandy  nature.  None  of  the  streams  from  the 
northern  side  of  the  valley  are  afforded  oppor- 
tunity to  enter  the  soils  because  these  soils  are 
constantly  in  a  state  of  saturation  from  the 
artesian  waters  that  are  forced  up  from  the 
gravels  beneath. 

Arroyo  de  la  Laguna  Carries 
Away  Waste  Waters. 

The  water,  leaving  Livermore  Valley  by  sur- 
face channels,  does  so  through  Arroyo  de  la 
Laguna.  This  creek  rises  in  the  Amador  Val- 
ley, the  extreme  northwestern  branch  of  the 
Livermore  Basin.  It  follows  in  a  general  south- 
erly direction  at  the  base  of  the  steep  Pleasanton 
range  of  hills  and  prominent  fault  scarp  prev- 
iously mentioned,  which  form  the  western 
boundary  of  the  Livermore  Valley.  Upon  leav- 
ing the  valley  it  continues  down  a  gorge  of  vary- 
ing width,  until  it  joins  Alameda  Creek  near 
Sunol,  the  water  of  the  two  continuing  toward 
the  sea  by  way  of  Niles  Canyon.  The  Laguna 
Creek,  in  passing  through  the  Livermore  Valley, 
traverses  for  a  considerable  distance  a  sticky 
clay  adobe  soil,  after  which  it  runs  through  var- 
ious mixtures  of  fine,  silty,  sandy  and  clay  loam, 
and  not  until  it  enters  the  canyon  does  its  bed 
contain   gravels  to  any  extent. 


Dr.  Branner  Studies  Geology 
of  Valley. 

A  most  comprehensive  discussion  of  the  Liver- 
more Valley  in  regard  to  its  geological  forma- 
tion and  adaptability  as  an  underground  reser- 
voir is  to  be  found  in  a  report  of  May  6,  1912, 
by  Dr.  J.  C.  Branner,  Professor  of  Geology  and 
Vice-President  of  Stanford  University,  one  of 
the  foremost  geologists  in  the  world,  and  who  is 
now  preparing  a  geological  monograph  of  the 
verj^  complex  geology  of  this  region  for  the  Uni- 
ted States  Geological  Survey. 

I  have  spent  weeks  in  the  field,  either  with  Dr. 
Branner  or  his  assistants,  and  know  that  most 
careful  and  painstaking  measurements  and  in- 
vestigations were  made  to  determine  the  trxie 
history  of  this  most  coinplex  geology.  He  and 
his  men  have  worked  early  and  late  with  in- 
domitable energy. 

With  great  interest  I  have  watched  this 
master  mind  pick  up  the  tangled  threads  of  field 
observations  and  weave  them  into  a  perfect 
fabric.  His  long  experience  in  work  on  the  un- 
derground waters  around  San  Francisco  Bay  was 
of  invaluable  aid  to  him  in  this  instance. 

In  view  of  this  most  enlightening  report  it 
might  seem  superfluous  for  me  to  more  than  re- 
iterate those  salient  features  which  more  espec- 
ially bear  on  my  quantitative  deductions. 

Dr.  Branner  Finds  Enormous 
Depth  of  Gravel. 

Dr.  Branner  finds  two  distinct  sets  of  gravels 
underlying  the  Livermore  Valley: 

1.  The  Pliocene  Gravels.  The  hills  south  and 
southeast  of  Pleasanton,  and  south  and  southeast 
of  Liverm.ore,  in  fact,  all  the  hills  directly  ad- 
jacent to  and  forming  the  southern  boundary 
of  the  Livermore  Valley  are  composed  of  exten- 
sive Pliocene  deposits  of  interbedded  lenticular 
kidneys  and  beds  of  gravels,  sands  and  clays, 
many  of  the  beds  being  of  a  very  coarse  and 
porous  nature.  Dr,  Branner  finds  that  these  de- 
posits are  of  fresh  water  origin  and  dip  quite 
uniformly  toward  and  under  the  Livermore  Val- 
ley at  an  angle  of  from  20=  to  23°  The  total 
thickness  of  these  deposits  be  finds  to  be  the 
enormous  depth  of  4000  feet,  with  an  exposed 
area  of  47  square  miles. 

These  Pliocene  deposits  extend  from  the  ex- 
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treme  western  edge  of  the  valley  to  the  extreme 
eastern  edge,  and  from  the  hills  on  the  south  to 
a  line  near  the  northern  edge  of  the  valley,  ex- 
tending through  Dublin  and  the  north  edge  of 
the  town  of  Livermore.  To  the  north  of  this 
latter  line  the  geological  formation  underlying 
the  valley  fill  is  nmch  older,  there  having  been  a 
great  uplift  in  which  the  beds  of  the  Pliocene 
gravels  and  clays  were  raised  to  an  elevation 
much  higher  than  the  present  valley  fill.  The 
upper  part  of  this  uplift  has  been  eroded  away 
and  a  large  part  of  the  present  valley  fill  repre- 
sents the  coarser  residue  of  this  erosion. 

A  similar  uplift  has  taken  place  along  the 
western  edge  of  the  valley,  shutting  off  all  pos- 
sibility of  the  underground  waters  escaping  in 
that  direction.  Thus  Nature  has  provided  a  cup 
of  gigantic  dimensions,  filled  with  porous  mater- 
ial, creating  this  enormous  underground  lake. 

The  Pliocene  gravels  vary  greatly  in  character, 
being  open  water-bearing  sands  and  gravels  in 
some  places,  and  compact,  clayey  beds  in  others. 
When  long  exposed  to  weathering  and  oxidation 
they  often  take  on  the  appearance  of  being  quite 
impervious,  while  deeper  down  and  well  under 
cover,  where  the  weather  cannot  affect  them, 
these  same  beds  are  quite  open  and  full  of  water. 

The  knowledge  of  the  occurrence  of  the  Plio- 
cene gravels  in  the  region  of  San  Francisco  Bay 
.  is  by  no  means  new.  Those  near  Pleasanton  are 
portions  of  the  same  beds  of  gravels  that  under- 
ly  the  northerly  portion  of  Santa  Clara  Val- 
ley and  some  of  the  margin  around  San  Francisco 
Bay.  They  are  exposed  on  the  foothills  along 
the  western  slope  of  Santa  Clara  Valley,  and, 
like  the  exposed  portions  of  the  Pliocene  gravels 
Dear  Livermore  Valley,  they  appear  impervious. 
Yet  these  are  the  selfsame  gravels  that  are  tapped 
by  the  deeper  wells  of  Santa  Clara  Valley  that 
yield  an  unfailing  and  abundant  supply  of  water 
from  a  depth  of  from  700  to  1000  feet  belov/  the 
surface  of  the  ground. 

Pliocene  Gravels  Are  Found  to 
be  Rich  in  Water. 

I  have  examined  these  exposed  beds  of  Plio- 
cene gravels  of  Santa  Clara  Valley,  in  company 
with  Dr.  Branner,  and  have  been  amazed  at  how 
easily  one  not  familiar  with  them  may  be  de- 
ceived into  believing  them  impervious. 


The  sources  of  subterranean  water  around  San 
Francisco  Bay  are  fruitful  fields  for  gelogical 
study  and  investigation,  and  Dr.  Branner  has 
covered  this  field  thoroughly  for  many  years. 
Through  many  years  of  work  with  and  intimate 
knowledge  of  the  subterranean  waters  of  Santa 
Clara  Valley,  I  am  very  familiar  witJi  the 
copiousness  of  their  supply.  Statements,  there- 
fore, that  stamp  the  Pliocene  gra-^'cls  as  im- 
pervious are  based  on  either  superficial  knowl- 
edge or  prejudice. 

The  absurdity  of  relying  upon  the  apparent 
surface  imperviousness  is  well  illustrated  by  the 
artificial  lake  recently  constructed  in  the  Plio- 
cene beds  at  Stanford  University.  In  discussing 
this,  Dr.  Branner  saj's  that  the  outcrop  showed : 

"close  compact  Pliocene  beds,  but  when  the 
excavation  was  carried  on  some  twenty-flve 
feet  or  more  into  the  formation,  and  water 
was  turned  into  the  basin,  the  water  es- 
caped underground  and  caused  a  marked  rise 
in  the  water  level  in  wells  about  Menlo 
Park,  2  miles  away." 

Dr.  Branner  further  states  that  the  saturated 
surface  condition  along  the  north  side  of  the 
Livermore  Valley  that  prevents  the  waters  of 
the  Arroyo  Las  Positas  and  streams  from  the 
north  from  sinking  is  caused  by  artesian  waters 
from  the  Piocene  gravels  rising  along  the  fault 
line  and  forcing  their  way  through  the  overly- 
ing denser  materials. 

"It  is  now  evident  that  the  Pliocene  beds 
that  have  a  thickness  of  more  than  4000  feet 
in  the  hills  south  of  Pleasanton,  as  pointed 
out  in  my  former  report,  dip  northward  at 
an  angle  varying  from  ten  to  twenty-flve  de- 
grees, and  pass  far  below  the  valley  floor. 
The  rocks  forming  the  south  face  of  the 
hills  on  the  north  side  of  the  valley  belong 
to  an  older  series,  and  the  Pliocene  beds 
cannot  therefore  pass  beneath  them,  but 
must  either  bend  very  abruptly  upward,  or 
they  must  have  been  let  down  by  a  fault 
against  the  older  beds.  In  either  case  the 
waters  that  enter  the  Pliocene  gravels  in  the 
region  south  of  the  valley  must  follow  down 
along  their  bedding  planes  and  rise  to  the 
surface  along  the  north  side  of  the  valley 
where  the  fault  or  the  upturned  beds  allow 
them  to  escape. 

"The  accompanying  figure,  representing 
a  north-south  section  across  the  valleys,  will 
make  my  meaning  clear:" 
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That  the  Pliocene  gravels  are  water-bearing 
and  even  artesian  is  further  illustrated  by  sev- 
eral artesian  wells  above  the  valley  tioor  in  the 
Pliocene  gravels  south  and  southeast  of 
Pleasanton. 

Upper  Gravels  Have  Great 
Wealth  of  Water. 

2.  Alluvium  Valley  Fill.  Dr.  Branner  finds 
that  widespread  alluvial  deposits  of  gravels, 
sands  and  clays  have  been  gradually  deposited 
over  these  Pliocene  gravels  as  the  great  uplift 
along  the  Calaveras  fault  line  proceeded.  These 
materials  vary  greatly  in  thickness  and  alternate 
with  each  other  irregularly,  and,  as  they  form 
the  upper  water-bearing  strata  from  which 
water  is  now  being  withdrawn  and  which  it  is 
proposed  further  to  develop,  they  are  of  especial 
interest  and  importance. 

The  uplift  west  of  the  Calaveras  fault  line  is 
the  accumulated  displacement  of  untold  cen- 
turies, as  Nature  worked  inch  by  inch  in  remodel- 
ing the  topography  of  this  regioii.  Tears  have 
no  place  in  accounting  the  time  occupied  in  this 
change,  the  formation  of  the  gravels  probably 
going  back  to  the  glacial  period.  Because  of 
this,  these  alluvial  gravels  were  deposited  by 
run-off,  whose  quantity  and  velocity  were  very 
much  greater  than  at  the  present  time.  There- 
fore to  a  great  extent  they  must  be  ver^r  coarse 
and  porous.  The  stream  of  the  present  age  has, 
however,  carried  down  light  material  and  formed 
a  blanket,  as  it  were,  over  the  older  deposits,  so 
that  an  inspection  of  the  surface  conditions  does 
not  readily  indicate  the  great  extent  to  wliich 
the  valley  fill  is  composed  of  coarse  material,  and 
it  is  only  by  an  examination  of  the  logs  of  wells 
that  this  is  brought  out. 

Dr.  Branner  Studies  Records 
of  200  Wells. 

In  studying  the  geology  of  Livermore  Valley 
Dr.  Branner  and  his  assistants  interviewed  the 
residents  of  the  valley  and  collected  the  logs  of 
over  one  hundred  wells  widely  distributed  over 
the  valley,  the  location  of  which  are  shown  on 


Plate  20.  He  found  that  only  very  rarely  had 
inhabitants  kept  accurate  record  of  the  mate- 
rial penetrated  in  boring.  But  he  was  able  to 
obtain  considerable  data  of  the  more  recent  bor- 
ings from  logs  kept  by  the  well  borers  them- 
selves. 

He  found  that,  while  the  well  borers  of  Liver- 
more  Valley  were  doubtless  very  practical  and 
efficient  in  the  art  of  well  boring,  their  records 
were  very  crude,  and  the  actual  notes  seemed  in 
in  many  instances  to  conflict  with  the  recorders' 
interpretation  of  them. 

However,  Dr.  Branner  collected  enough  reli- 
able information  to  convince  him  that  the  upper 
valley  deposits  were  no  different  in  general 
character  from  the  deposits  west  and  southwest 
of  Pleasanton^  which  the  Spring  Vallej^  Water 
Company  had  extensively  explored  by  well 
borings. 

These  wells  were  put  down  in  a  tract  of  about 
1000  acres,  at  the  throat  or  lower  end  of  Liver- 
more  Valley,  acquired  by  the  S.  V.  W.  Co.,  be- 
ginning in  August,  1898.  This  work  was  in 
harmony  with  the  general  policy  of  the  Com- 
pany to  acquire  and  begin  to  develop  water  re- 
sources far  in  advance  of  actual  needs,  with  the 
end  in  view  that  ample  water  would  always  be 
available  to  the  people  of  San  Francisco.  With 
marvelous  foresight  Mr.  Hermann  Schussler 
realized  the  great  value  of  this  project  and 
demonstrated  it  by  sinking  these  wells. 

More  than  one  hundred  wells  have  been  bored 
on  the  Spring  Valley  Water  Company's  1000 
acres,  the  records  of  all  wells  being  kept  with 
much  care  and  under  the  direction  of  trained 
engineers,  so  that  their  logs  are  by  far  the  most 
reliable  record  obtainable  of  the  general  under- 
ground structure.  It  was  after  a  careful  study 
of  these  logs,  together  with  the  logs  of  wells  col- 
lected by  Dr.  Branner  (making  in  all  the  logs  of 
over  200  wells),  that  Dr.  Branner  most  emphati- 
cally reiterated  and  confirmed  his  preliminary 
statements  as  to  the  Livermore  Valley  fill  be- 
ing irregular  lenticular  deposits,  more  or  less 
indirectly  connected  and  laid  down  by  abundant 
waters  of  shifting  streams  of  the  glacial  period 
and  since.  The  logs  of  all  the  wells  considered 
are  to  be  found  in  Appendix  "E". 

The  welLs  in  the  property  of  the  Spring  Val- 
ley Water  Company's  1000-acre  tract  are  ar- 
ranged in  lines  and  close  enough  together  along 
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the  lines  (rarely  more  than  100  feet  apart), 
that  one  may  trace  the  lines  of  demarcation  be- 
tween gravels  and  denser  materials  along  the 
lines  of  the  wells,  as  shown  on  Plate  21. 

Wells  Too  Far  Apart  to  Draw 
Geological  Sections  Across 
Valley. 

The  lines  of  the  wells,  however,  are  too  far 
apart  to  correlate  and  determine  the  distribu- 
tion of  gravels  and  clays  between  them.  This 
must  of  necessity  be  true  because  of  the  man- 
ner in  which  they  were  laid  down. 

The  wells  not  within  this  1000  acres  are  so 
widely  scattered  that  even  to  suggest  lines  of  con- 
tact between  gravel,  sands  and  clays  betAveen 
them  is  impossible;  lines  which  Dr.  Branner 
saj's  ' '  a  professional  geologist  would  not  venture 
to  draw." 

A  study  of  the  logs  of  these  Spring  Valley 
Water  Company's  wells,  especially  w'hen  plotted 
and  placed  side  by  side,  materially  aids  in  real- 
izing the  magniture  of  the  underground  reser- 
voir in  the  upper  gravels  and  in  this  way  one's 
superficial  observations  as  to  the  impervious 
character  of  these  deposits  is  most  quickly  cor- 
rected. 

Tlie  logs  of  wells  outside  the  1000-acre  tract, 
when  used  in  conjunction  with  other  geological 
data  and  phenomena,  but  indicate  the  extent  of 
the  underground  reservoir,  and  may  be  used  to 
determine  in  general  the  proportions  of  the  var- 
ious classes  of  materials. 

"Clay-Cap"  Is  Very  Fine 
Sand  or  Silt. 

The  well  logs  show  that  as  a  rule  over  this 
total  area  the  upper  35  feet  of  material  is  com- 
posed of  surface  soil,  clays,  fine  sand  and  silt, 
and  some  gravel  deposits.  The  surface  mate- 
rial is  relatively  dense  when  compared  with  the 
underlying  strata  of  very  porous  coarse  gravels 
and  sands.  On  account  of  its  nature  this  first 
30  or  35  feet  has  been  termed  by  many  a  "clay 
cap"  overlying  the  gravels,  and  it  is  so  used  in 
this  report,  at  all  times  remembering,  hoAvever, 
that  the  largest  bulk  of  this  deposit  is  not  a 
true  clay  at  all,  but  is  in  most  cases  a  sand  or 
a  very  fine  silt  in  which  decomposition  of  the 
feldspar  content  may  have  taken  place. 

This  so-called  "clay  cap"  covers  all  the  area 


at  the  western  end  of  the  valley,  extending  from 
the  foothills  on  the  south  to  the  hills  on  the 
north  and  from  the  steep  western  range  east 
for  a  distance  of  about  one  mile  east  of  Pleas- 
ant on. 

At  the  eastern  edge  of  this  area  the  coarser 
material  underlying  the  "clay  cap"  appears  in 
lenticular  deposits  of  interbedded  porous  grav- 
els, and  sands,  and  clays.  These  same  inter- 
bedded gravels,  sands,  and  clays  continue  west- 
ward under  the  ' '  clay  cap ' '  and  are  known  as  the 
artesian  gravels.  The  Spring  Valley  Water 
Company's  wells  have  penetrated  into  these  ar- 
tesian gravels  for  an  average  distance  of  40 
feet  and  very  little  clay  deposits  are  traversed, 
which  are  composed  almost  entirely  of 
water-bearing  gravels  and  sands.  Many  of 
the  wells  have  been  sunk  to  depths  of 
over  200  feet,  and  they  show  that  the 
clays  and  water-producing  gravels  and  sands 
exist  in  about  even  proportion.  From  the 
well  records  it  is  impossible  to  state  to  what 
depths  the  water  bearing  material  extends,  as 
the  deepest  wells  did  not  penetrate  to  the  bot- 
tom of  the  water  bearing  deposits.  From  the 
general  geological  features,  however.  Dr.  Bran- 
ner states  that  it  extends  for  over  4000  feet. 
Plainly,  although  the  borings  on  the  Spring 
Valley  Water  Company's  lands  show  the  dis- 
tribution of  gravel,  sand,  and  clay  near  the 
surface,  they  in  no  way  fix  the  extent  or  depth 
of  the  water  bearing  gravels  beneath  the  fioor 
of  Livermore  Valley. 

Gravels  Are  Free  from  Silt. 

From  borings  it  is  very  hard  to  determine 
the  detailed  character  of  the  gravel  deposits, 
as  in  the  process  of  boring  much  of  the  very 
fine  material,  if  any  exists,  may  have  been 
washed  away,  and  fine  material  from  the  clay 
strata  is  constantly  being  carried  into  lower 
strata  and  obviously  comes  from  them.  Because 
of  this,  the  records  of  well  borings,  no  mat- 
ter with  how  much  care  they  are  taken,  will 
not  give  as  good  a  criterion  of  the  amount  of 
fine  silt  and  clay  as  can  be  determined  by  an 
inspection  where  these  gravels  reach  the  sur- 
face and  are  exposed  in  the  upper  valley,  as 
for  instance  the  pits  of  the  Grant  Gravel  Com- 
pany near  Pleasanton.  From  these  pits  many 
hundreds  of  thousands  of  tons  of  gravel  have 
been  excavated  and  still  the  supply  appears  in- 
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exhaustible.  About  two-thirds  the  bulk  of  these 
gravels  is  over  ^"  in  diameter  and  is  quite  free 
from  silts  and  clays.  At  present  the  gravels  are 
being  excavated  by  drag  line  scrapers,  and,  when 
possible,  the  bottom  of  the  pits  is  kept  at  a  lower 
elevation  than  the  water  table.  In  this  way  the 
scraper,  passing  backward  and  forward,  agitates 
the  waters  so  that  the  gravels  are  constantly 
washed,  the  fine  particles  being  held  in  suspen- 
sion. The  small  amount  of  clay  is  well  shoAvn 
when  the  water  table  in  an  abandoned  pit  falls 
and  leaves  these  particles  in  a  thin  covering  over 
the  bottom  of  the  pit.  During  the  latter  part  of 
1911  these  abandoned  pits  could  be  seen  where 
many  hundreds  of  thousands  of  yards  had  been 
excavated  and  the  small  amount  of  clay  washed 
from  them  formed  only  a  very  thin  coating  over 
the  pit  bottom. 

Soils  Are  Sandy,  Overlying 
Gravel. 

In  describing  the  channels  of  the  Livermore 
Valley  streams  some  mention  was  made  of 
the  class  of  soil  through  which  they  passed.  The 
facility  with  which  water  may  enter  an  under- 
ground reservoir  has  a  large  bearing  on  its  prac- 
ticability and  value.  The  character  of  the  soil 
through  which  the  tributary  water  must  enter 
the  reservoir,  therefore,  bears  an  important  part. 

The  U.  S.  Department  of  Agriculture 's  Bureau 
of  Soils  has  issued  a  bulletin  describing  the  soils 
of  the  Livermore  Valley.  This  soil  investigation 
supports  the  above  statements  as  to  the  character 
of  the  valley  fill.  We  are  most  interested  in 
three  groups  of  soils  described  in  the  Bulletin, 
classed  as  the  Mocho,  the  Livermore,  and  the 
Santa  Rita  series. 

The  Mocho  and  Livermore  groups  of  soils  are 
the  most  important  in  studying  the  practicability 
of  augmenting  the  amount  of  water  entering  the 
xmderground  reservoir.  These  two  groups  com- 
prise by  far  the  largest  percentage  of  the  ex- 
ceedingly porous  surface  of  24  square  miles  of 
the  reservoir,  and  that  portion  which  is  the  most 
susceptible  to  artificial  saturation. 

The  Mocho  series  is  the  most  recent,  being  the 
alluvial  deposits  of  present  and  recent  forma- 
tions. They  embrace  several  grades  of  sandy 
and  gravelly  soil,  underlain  in  all  cases  by 
coarser  material.     This  series  of  soil  composes 


and  is  directly  adjacent  to  the  Mocho  and  Valle 
stream  channels. 

The  Livermore  series  is  made  up  of  older  al- 
luvial and  eoUuvial  deposits  of  sandy  and  gravel- 
ly sandy  soil,  and  in  rare  eases  of  a  clay  loam. 
They  are  underlain  in  nearly  all  instances  by 
coarser  deposits  of  sands  and  gravels. 

The  Santa  Rita  series,  lying  in  the  north- 
western portion  of  the  valley,  is  composed  of 
silty  and  clayey  loams  and  an  adobe  deposited 
quite  recently  under  swampy  conditions.  The 
statements  of  the  Bulletin  indicate  that  this  class 
of  soils  is  not  particularly  adaptable  to  the  rapid 
absorption  of  water,  though  it  allows  of  a  slow 
]:)ercolation. 

Another  type  not  conducive  to  rapid  absorp- 
tion is  the  Dublin  clay  adobe  along  the  north 
side  of  the  valley  through  which  the  Arroyo  Las 
Positas  runs.  The  soil  report  does  say,  however, 
that  the  subsoil  is  subject  to  considerable  varia- 
tion, in  cases  being  quite  sandy,  with  occasional 
pockets  of  gravel. 

Land-Formed  Clays  of  Livermore 
Are  Pervious  to  Water. 

The  formation  of  the  Livermore  Valley,  and 
more  especially  the  clays,  must  not  be  confused 
with  the  lacustrine  or  lake-formed  impervious 
deposits,  which  are  constantly  being  laid  down 
as  great  blankets  over  the  floors  of  lakes  and 
large  water  bodies,  from  the  light  material  held 
in  suspension  and  brought  down  by  tributary 
streams.  Dr.  Branner  eliminated  these  Liver- 
more deposits  from  the  lacustrine  type  of  de- 
posits by  the  conditions  under  which  they  were 
formed  and  which  are  well  explained  by  Messrs. 
MulhoUand  and  Lippincott  in  their  report  of 
July  2,  1912. 

Mr.  MulhoUand  is  Chief  Engineer  of  the  Los 
Angeles  Aqueduct  and  Water  Department.  Most 
of  his  engineering  career  has  been  spent  in  the 
development  of  underground  water  supplies  of 
Southern  California.  His  experience  in  under- 
ground water  has  been  more  extensive  than  that 
of  any  other  man  in  the  United  States,  and, 
being  a  man  of  keen  intellect  and  perception, 
he  unquestionably  stands  without  a  peer  in  this 
type  of  development.  It  was  he  who  developed 
over  45  M.  'Q.  D.  from  the  underground  water  of 
San  Fernando  Valley,  a  project  very  similar  to 
that  of  the  Livermore  Valley, 
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Mr.  Lippincott  is  Assistant  Chief  Engineer 
of  the  Los  Angeles  Aqueduct.  lie  has  had  wide 
experience  in  hydraulic  engineering  in  the  West 
for  many  years,  having  been  in  charge  of  the 
California  hydrography  for  the  United  States 
Geological  Survey,  and  Supervising  Engineer 
of  the  United  States  Reclamation  Service.  He 
organized  and  directed  the  investigation  of 
underground  waters  of  the  United  States  Geolog- 
ical Survey  and  has  been  intimately  connected 
with  a  great  number  of  the  underground  water 
developments  in  Southern  California. 

In  their  report  they  say: 

"First,  as  to  the  structural  geological 
features  of  the  valley,  as  bearing  on  the 
probability  of  the  valley  fill  being  largely 
composed  of  impermeable  clays.  It  is  with 
diffidence  that  we  approach  this  subject,  for 
the  reason  that  you  have  in  your  possession 
a  geological  report  covering  the  region  from 
a  most  eminent  authority.  There  are  cer- 
tain features,  however,  that  are  obvious 
even  to  the  layman  with  engineering  train- 
ing. The  fact  that  there  has  been  a  great 
down-throw  of  the  land  to  the  east  of  the 
Alameda  ridge,  or  an  uplift  of  Alameda 
Ridge,  or  possibly  a  combination  of  both 
of  those  movements,  along  the  fault 
line  approximately  following  the  east  base 
of  the  ridge,  is  evident  even  to  the  un- 
skilled observer.  That  the  movement  was  a 
profound  one  is  also  evident,  but  it  does 
not  follow'  and  would  be  wholly  inconsist- 
ent with  all  the  observed  occurrences  of 
such  movements,  to  reason  that  this  great 
displacement  occurred  suddenly  as  a  single 
cataclysm,  or  in  increments  of  very  decided 
displacements.  Such  faults  occur,  as  far  as 
can  be  observed,  by  slow  degrees — inch  by 
inch,  and  sometimes,  though  rarely,  meas- 
urable by  feet,  and  covering  almost  incon- 
ceivable periods  of  time.  This  being  the  case 
it  is  almost  impossible  to  imagine  a  condi- 
tion at  any  time  that  would  create  a  lake 
of  any  great  depth  in  the  Livermore  Valley 
to  the  east  of  the  fault  line  due  to  these 
movements,  as  the  slowly  relatively  rising 
rim  would  be  eroded  down  by  natural  pro- 
cesses about  as  fast  as  the  displacements 
occurred,  or,  if  not  quite  as  fast,  at  least 
slowly  enough  to  permit  a  filling  of  the  de- 
pressed side  of  the  valley  floor  with  ordi- 
nary alluvial  debris.  The  records  of  the 
wells  about  Pleasanton,  however,  are  suffi- 
cient to  discredit  any  such  theory;  the  logs 
disclose  soils,  occasionally  clay  beds  and 
thick  bedded  gravels,  with  no  evidence  that 
the  clay  deposits  were  lacustrine  in  origin; 
in  fact,  the  formation  differs  in  no  particu- 


lar form  from  the  formations  in  other 
valleys  throughout  the  State,  that  resemble 
this  in  configuration  and  conditions  of 
stream  flow." 

The  deposition  of  clay  that  takes  place  under 
the  conditions  described  by  Mr.  MulhoUand  is, 
therefore,  not  that  a  aluminum  silicate  material 
— the  result  of  the  complete  decomposition  of 
feldspar  rock,  and  which  is  so  light  that  it  often 
remains  in  suspension  for  great  lengths  of  time, 
even  in  still  water — but  of  fine  particles  of  min- 
erals and  rocks  in  the  form  of  fine  sand  and  silt 
carried  along  by  the  swift  moving  streams  and 
deposited  in  lenticular  and  irregular  bodies  along 
its  course  where  the  velocity  and  movement  be- 
come small.  The  materials  of  the  true  clays  may 
be  deposited  under  these  conditions  also,  but  more 
often  the  real  clay  present  in  these  so-called  land- 
formed  clays  is  the  result  of  decomposition  of 
minerals  after  they  have  been  deposited,  and 
only  form  a  very  small  per  cent  of  the  total  bulk 
as  well  as  only  occurring  at  surfaces  exposed  to 
oxidation  and  weathering. 

In  addition  to  being  much  more  pervious  on 
account  of  the  composition  and  size,  land-formed 
clays  have  the  great  advantage  of  plant  and  ani- 
mal growth  development  through  their  struc- 
ture, which  is  another  great  factor  for  such 
marked  contrast  in  porosity  to  the  common  lacus- 
trine clays. 

Instances  where  apparently  impervious  lacus- 
trine clays  have  been  found  by  close  examination 
and  experimentation  to  be  quite  porous,  due  to 
the  development  of  plant  and  animal  life,  have 
come  to  the  attention  of  all  engineers,  and  it  is 
principally  to  break  up  the  structure  caused  by 
this  development  that  puddling  is  resorted  to. 

An  instance  of  this  has  just  been  brought  to 
my  attention  by  Mr.  J.  B.  Lippincott,  of  which 
he  writes : 

(Extract  from  Letter  J.  B.  Lippincott  to 
F.  C.  Herrmann  of  July  16,  1912.) 

"The  day  after  I  left  you  I  went  to  San 
Luis  Obispo  to  investigate  the  water  leakage 
in  the  oil  reservoir  which  we  were  testing 
with  water.  This  reservoir  was  made  in  an 
adobe  flat  by  excavating  some  eight  or  ten 
feet  of  soil  from  the  center,  and  using  se- 
lected material  to  make  dykes  around  the 
side.  It  was  then  roofed  over  in  order  to 
prevent  evaporation  losses  from  the  oil. 
We  found  that  our  water  in  this  reservoir 
was  dropping  at  the  rate  of  a  quarter  of  an 
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inch  per  day,  and  floats  indicated  that  the 
seepage  was  occurring  through  a  certain 
piece  of  ground  about  fifty  feet  in  diameter. 
This  was  near  the  center  of  the  reservoir 
and  at  the  lowest  point,  and  as  the  area  of 
the  water  surface  contracted  the  rate  of  fall 
on  the  water  surface  increased,  which  indi- 
cated that  the  leakage  was  occurring  through 
some  rather  definite  and  small  outlet.  We 
thereupon  drew  oft  the  water  and  excavated 
the  soil  at  this  point.  It  was  a  sandy  clay 
which  had  the  appearance  of  being  fairly 
tough  and  impervious,  but  which  showed, 
on  analysis,  that  it  contained  about  35% 
of  clay,  the  rest  being  sand  and  silt.  The 
interesting  feature  of  this  soil,  however, 
when  we  come  to  examine  it,  was  that  it 
was  filled  with  worm  holes.  These  holes 
were  close  together  and  by  taking  a  small 
glass  dropper,  such  as  you  fill  a  fountain 
pen  with,  we  could  take  a  fragment  of  this 
soil,  drop  some  water  in  the  upper  end  of 
one  of  these  small  holes  and  observe  the 
water  run  through  the  clod.  This  soil  came 
from  a  depth  of  from  eight  to  ten  feet  be- 
neath the  original  surface  of  the  ground. 
Probably  underlying  this  was  a  stratum  of 
gravel  or  sand  through  which  the  water  was 
disappearing.  At  any  rate,  it  was  a  very 
clear  illustration  of  exactly  what  we  were 
talking  about  in  the  Livermore  country  and 
confirmed  the  ideas  that  I  previously  had 
on  the  subject." 

Permeability  Due  to  Plants 
and  Animal  Life. 

Vegetation,  in  its  growth,  carries  on  an  endless 
process  of  extending  its  roots  and  rootlets 
through  the  soil  in  all  directions  and  to  great 
depths.  After  they  have  performed  certain  func- 
tions they  die  and  decay,  then  sending  others  to 
meet  the  same  fate.  This  process  is  augmented 
by  the  abundant  grovs^th  of  animal  life  in  the 
form  of  worms  and  burrowing  species  which  tun- 
nel through  the  soil  in  their  search  for  the  mi- 
nute roots.  In  this  way  is  created  a  vast  net- 
work of  minute  tunnels  and  shafts,  as  it  were, 
through  which  water  may  find  ready  egress.  In 
lacustrine  deposits  this  effective  plant  and  ani- 
mal life  develops  only  after  the  formation  as- 
sumes a  position  above  the  lake  surface  because 
of  an  uplift  or  other  cause,  and  this  develop- 
ment extends  only  to  a  limited  depth.  With  the 
land-formed  deposits  the  porous  structure  ex- 
tends through  their  entire  depth,  as  at  no  time 
during  the  many  ages  of  formation  were  the 
constructive    agents    absent.      As    the    streams 


build  up  the  formation,  placing  perhaps  a 
few  inches  or  feet  during  one  season,  then 
divert  to  some  other  quarter  for  a  year  or 
greater  period,  the  tunneling  process  is  al- 
lowed to  continue  uninterruptedly;  then 
again,  the  streams  shift  back  in  their  oscil- 
lating motion,  more  material  is  placed  over 
the  first — perhaps  this  time  coarse  gravel  in- 
stead of  the  fine  sands  and  silts — covering  the 
vegetation,  which  decays  and  again  leaves  avenues 
of  easy  egress  for  the  waters ;  here,  theu,  is  a  com- 
bination of  all  of  Nature's  forces  trying  to  pro- 
duce a  material  through  which  the  waters  falling 
upon  the  earth's  surface  can  find  escape,  while 
with  the  lake-formed  deposits  the  opposite 
occurs,  for  here  are  laid  down  deposits,  the  sole 
purpose  of  which  seems  to  be  to  retard  and  pre- 
vent the  escape  of  water. 

Evaporation  from  Saturated  Soils 
Can  Be  Stopped. 

The  loss  of  water  through  evaporation  and 
transpiration  from  the  saturated  area  at  the 
western  end  of  the  Livermore  Valley  may,  by 
lowering  the  water  table,  be  stopped  and  the 
water  utilized.  The  amount  of  this  lass  has 
varied  as  conditions  of  drainage  have  developed. 

The  official  map  of  Alameda  County  in  ]874 
shows  a  swamp  of  2136  acres,  while  the  testimony 
of  old  residents  around  Pleasanton  is  that  the 
area  was  much  larger.  Mr.  Peach,  who  has  had 
charge  of  much  of  the  drainage  for  the  Alameda 
Sugar  Company  since  1891,  indicates  an  ad- 
ditional area  of  1600  acres,  which,  he  says,  was 
a  part  of  the  swamp  at  the  time  of  his  going  to 
the  valley.  Another  record  of  this  original 
swamp  is  the  survey  made  by  6.  F.  Allardt, 
County  Surveyor  of  Alameda  County,  in  1880. 
This  survey  shows  an  area  of  1340  acres  of  tule 
and  willow  swamp,  with  an  additional  area  of 
400  acres  saturated  lands  subject  to  overflow, 
supporting  a  dense  growth  of  vegetation.  The 
tule  swamp  condition  continued  until  about  the 
year  1906  or  1907.  Since  that  time  the  extreme 
surface  drainage  of  this  area  has  gradvially  be- 
come effective  and  cultivation  followed.  A  sur- 
vey made  in  June  of  this  year,  after  an  unusu- 
ally dry  winter,  shows  an  area  of  8259  acres  from 
which  evaporation  is  taking  place.  Over  255 
acres  of  this  area  the  water  table  is  between  0 
and  2  feet  from  the  surface,  over  2538  acres  be- 
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tween  2  and  6  feet,  and  over  5466  acres  between 
6  and  9  feet  from  the  surface. 

Evaporation  from  Saturated 
Soils  is  Very  Great. 

Without  actual  field  measurements  to  deter- 
mine the  amount  of  evaporation  from  this  area, 
we  must  be  guided  by  results  obtained  at  other 
places.  Because  of  their  geographical  position 
and  climatic  conditions,  we  have  chosen  the  rec- 
ords of  water  surface  evaporation  obtained  by 
Mr.  C.  E.  Grunsky  at  Kingsburgh,  California, 
by  the  California  Experiment  Station  at  Berke- 
ley, and  by  Mr.  Edwin  Duryea  in  the  vicinity 
of  San  Jose,  California,  as  most  nearly  repre- 
senting the  area  under  consideration.  Mr.  Dur- 
yea carried  on  experiments  over  three  areas 
tributary  to  Coyote  Creek  and  found  the  water 
surface  evaporation  to  be  44  inches,  45  inches 
and  52  inches  per  year.  Mr.  Grunsky,  in  his  ex- 
periments at  Kingsburgh,  California,  found  an 
average  annual  evaporation  of  49  inches. 

The  Berkeley  experiments  conducted  at  the 
University  of  California  for  the  U.  S.  Irrigation 
Investigation  under  the  direction  of  Dr.  Samuel 
Fortier,  gave  an  evaporation  of  41.5  inches.  Dr. 
Fortier,  now  Chief  of  the  U.  S.  Irrigation  In- 
vestigation, is  one  of  the  foremost  authorities 
on  irrigation  and  has  made  extended  studies  of 
evaporation  from  soils. 

In  view  of  these  records  of  average  annual 
evaporation  we  estimate  48  inches  as  being  a 
very  close  approximation  of  the  average  annual 
water  surface  evaporation  in  Livermore  Valley. 

For  detailed  discussion  of  evaporation,  see 
Appendix  "D".  The  problem  of  determining 
quantatively  the  evaporation  and  transpiration 
loss  from  the  saturated  area  in  the  Livermore 
Valley  is  a  very  interesting  one.  We  have  made 
this  determination  in  two  classes:  First,  the 
swamp  area  supporting  the  dense  prolific  growth 
of  tule,  willow,  buUrush,  wild  celery,  etc.,  and 
second,  the  less  saturated  alkaline  areas  of  salt 
grasses  and  kindred  plant  life. 

From  a  study  of  available  data  shown  in  Ap- 
pendix "D"  we  have  accepted  for  that  area, 
covered  by  vegetation  common  to  swampy  con- 
ditions, a  transipration  of  66  inches  per  annum 
or  1.38  times  that  from  free  water  surface  (48"). 
In  determining  the  evaporation  from  the  rest 


of  the  area  we  are  guided  largely  by  results 
obtained  in  Owens  Valley  over  areas  covered 
with  salt  grass,  and  have  accepted  52.53  inches 
as  being  the  annual  evaporation  when  the  water 
table  is  at  the  surface.  This  evaporation  de- 
creases directly  in  proportion  to  the  depth  un- 
til at  nine  feet  it  is  zero. 

The  tabulation  below  shows  the  evaporation 
computed  under  the  conditions  of  the  three 
surveys.  The  total  area  in  acres  over  which 
evaporation  occurs  in  the  survey  of  June,  1912. 
is  accepted  for  the  other  two  surveys ;  this  is 
obviously  low  as  with  a  higher  water  table  the 
area  would  increase. 

EVAPORATION     FROM     SATURATED     AREA     OF 
LIVERMORE    VALLEY. 


Enclos- 


Average      Area        Evaporation. 


ing  con- 
tours. 

0—2  ft. 
2—6  ft. 
6—9  ft. 

water 
depth. 

1.5  ft. 
4.0  ft. 
7.5  ft. 

Surface 
4.5  ft. 

Surface 
4.5  ft. 

in 

acres. 

255 
2,538 
5,466 

Dei 
Inches. 

66.0 

29.5 

9.0 

66.0 
26.5 

66.0 
26.5 

jthin 
M.  G.  D 
1.24 
5.57 
3.66 

Survey  of 

June  13-17, 

1912. 

0—0  ft. 
0—9  ft. 

8,259 
1,340 
6,919 

10.47 

6.58 

13.63 

Allardt 

Survey  of 

1880. 

Alameda  Co. 
Official 
1874. 

0—0  ft. 
0—9  ft. 

8,259 
2,136 
6,123 

20.21 
10.48 
12.06 

8,259 


22.54 


Inspection  of  the  hydrographs  of  the  well 
measurements  over  the  artesian  area  for  sev- 
eral years  past,  as  shown  on  Plates  22  and  23, 
indicates  that  the  average  position  of  the  water 
table  is  more  than  four  feet  above  what  it  was 
at  the  time  of  the  survey  of  June  13-17,  1912. 
Also  that  during  the  summer  months,  when  the 
evaporation  is  the  greatest,  it  was  as  much  as 
eight  to  ten  feet  higher.  A  study  of  the  profiles 
further  shows  that,  because  of  the  vast  network 
of  drainage  ditches,  this  water  table  rises  less 
rapidly  when  within  a  few  inches  of  the  surface. 
All  data  indicate  that  the  average  annual  evap- 
oration, under  the  present  conditions,  is  as  much 
as,  or  more  than,  the  20  million  gallons  per  day 
computed  for  the  condition  indicated  from  Mr. 
Allardt 's  survey. 

This  20  million  gallons  per  day  is  supplied 
from  the  water  product  of  the  catchment  areas 
tributary  to  Livermore  Valley,  though  because 
it  has  escaped  through  the  atmosphere  it  has  not 
entered  into  the  measured  run-off  below  Sunol. 
Because   of  this,   the   actual   amount  of  water 


Plate  24 


MAP  or 


WITH  ONLY   NOMINAL   DEVELOPMENT   BY   SIMPLE  CANALS  AND  DITCHES   THE  ABSORBTIVE 
GRAVELS  OF  THE  LIVERMORE  VALLEY  WILL  DRINK  IN  VASTLY  MORE  WATER 

THAN  AT  PRESENT. 
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produced  from  the  620.5  square  miles  of  the 
Alameda  System  is  greater  by  20  M.  G-.  D.  than 
is  indicated  by  the  23-year,  discharge  record  of 
Alameda  Creek  below  Sunol.  Therefore,  instead 
of  an  average  daily  run-off  of  145  M.  G., 
as  determined  in  Appendix  "B",  the  total 
gross  water  crop  of  the  Alameda  System  is 
approximately  165  M.  G.  D. 

The  loss  of  water  through  evaporation  and 
transpiration  from  the  saturated  area  at  the 
western  end  of  Livermore  Valley  estimated  to 
average  20  M.  6.  D.  during  the  past  23  years, 
with  sufficient  storage  capacity,  can  be  saved  by 
lowering  the  water  table  and  sustaining  it  at  a 
lower  level. 

Storage  in  Upper  Gravels 
Alone  is  Enormous. 

The  older  Pliocene  gravels  are  undoubtedly 
saturated  with  water  and  may  be  drained  of 
great  quantities.  Dr.  Branner  believes  they 
will  support  arterian  wells.  For  the  pur- 
pose of  this  report,  however,  we  consider  only 
the  upper  100  feet  of  the  recent  loose  al- 
luvial valley  fill  which  we  may  expect  to  utilize 
as  the  bulk  of  our  working  underground  reser- 
voir. From  a  study  of  all  the  obtaiaable  geo- 
logical information  and  an  extended  personal  ex- 
amination I  am  of  the  opinion  that  a  conserva- 
tive estimate  of  the  extent  of  this  ultra-porous 
area  covers  30  square  miles.  The  map  shown  on 
Plate  24  indicates  this  area.  Within  this 
area  I  have  not  included  a  considerable  area 
of  the  porous  fill  where  the  Mocho,  Valle,  and 
Seca  Creeks  emerge  from  the  hills,  and  which 
will  absorb  run-off  whose  final  destination  is 
the  gravel  reservoir. 

One  method  of  estimating  the  storage  capac- 
ity of  this  reservoir  is  by  a  determination  of  the 
porosity  of  the  loose  alluvial  fill.  Over  the  east- 
ern portion  of  the  reservoir  the  data  are  far  too 
limited  to  do  more  than  suggest  the  general 
character  of  this  fill.  But  in  the  Spring  Valley 
Water  Company's  properties  there  are  enough 
records  to  show  the  geology  to  a  depth  of  up- 
wards of  100  feet. 

The  logs  of  many  wells  west  of  the  Santa  Rita- 
Pleasanton  road,  selected  at  more  or  less  regular 
intervals  over  the  area  and  representing  average 
conditions,  show  the  average  per  cent  of  coarse 
material  to  be  28  per  cent,  the  lowest  per  cent 


being  10,  and  the  highest  being  44.  The  mean 
depth  of  these  wells  is  82  feet. 

The  logs  of  wells  to  the  east  of  Santa  Rita- 
Pleasanton  road  are  not  nearly  so  numerous, 
and  their  logs  in  many  cases  are  not  obtainable. 
Twenty-six  wells,  with  a  mean  depth  of  82  feet, 
scattered  rather  irregularly  over  the  valley 
floor  above  Pleasanton,  show  an  average  of  29 
per  cent  of  sands  and  gravels.  This  corresponds 
so  closely  with  the  lower  area  that  it  is  fair  to 
assume  28  per  cent  sands  and  gravels  as  apply- 
ing to  the  whole  reservoir. 

Numerous  experiments  to  determine  the  voids 
in  sands  and  gravels  give  results  that  vary  from 
30  to  40  per  cent.  The  average  of  eight  porosity 
tests  made  on  the  Mocho  gravelly  sandy  loam 
showed  34.1  per  cent  of  voids.  And  28  tests  of 
"Livermore  gravelly  sandy  loam"  showed  27.3 
per  cent  of  voids.  A  conservative  estimate  of  the 
voids  capable  of  depletion  would  then  be  25  per 
cent  of  the  sands  and  gravels  and  10  per  cent 
of  the  remaining  less  porous  materials,  or  14 
per  cent  of  the  total  bulk.  Fourteen  per  cent 
of  the  cubical  capacity  of  an  area  of  30  square 
miles  to  a  depth  of  one  foot  is  876  million  gal- 
lons, or  for  a  depth  of  100  feet  it  is  87,000  mil- 
lion gallons.  Because  of  the  fact,  as  Dr.  Bran- 
ner states,  that  "it  is  impossible  to  draw  cross- 
sections  of  the  Livermore  Valley  from  the  well 
logs  available,  showing  the  disposition  of  the 
gravel,  sand  and  clay,  no  better  estimate  of  the 
available  storage  may  be  made". 

In  analyzing  the  absorbing  capacity  of  this 
reservoir,  two  divisions  readily  suggest  them- 
selves: the  highly  porous  gravelly  and  sandy 
materials  of  the  Mocho  and  Livermore  soils,  and 
the  more  dense  soils  composed  of  clays,  adobes 
and  loams.  By  consulting  the  soil  map  it  will 
be  noticed  that  the  first  class  comprises  a  greater 
part  of  the  reservoir  area  east  of  the  Santa  Rita- 
Pleasanton  road,  while  the  latter  includes  the 
area  to  the  west  of  this  road.  It  is  over  the  first 
area  that  we  propose  to  spread  the  flood  waters 
of  the  wet  season. 

Actual  Measurements  Prove  Great 
Porosity  of  Gravel. 

A  survey  made  during  March  of  this  year 
showed  that  80.5  million  gallons  of  water  dis- 
appeared into  an  area  of  less  than  one  million 
square  feet  of  the  Arroyo  Valle  channel  in  27 
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hours,  or  at  the  rate  of  10  cubic  feet  per  square 
foot  of  superficial  area  per  day,  or  equivalent 
to  the  water  velocity  of  about  30  feet  per  day. 
At  this  rate,  1  square  mile  would  absorb  over 
2000  million  gallons  per  24  hours.  Mr.  Fred 
H.  Tibbetts,  C.  B.,  in  a  report  made  in  1907  on 
the  artesian  basin  of  the  Livermore  Valley,  cites 
an  instance  of  absorption  in  the  stream  bed  of 
the  Arroyo  Valle,  of  which  he  writes: 

"The  first  (stream)  measurements  on 
January  14,  1906,  were  made  about  18  hours 
after  the  first  flood  of  the  season  had  com- 
menced. The  measurements  at  the  Cresta 
Blanca  Bridge  showed  a  discharge  of  about 
1136  cu.  ft.  per  second.  At  Pleasanton 
about  600  cu.  ft.  per  second.  The  seepage 
loss  indicated  was  536  cu.  ft.  per  second,  or 

over  47%." 

I 

The  avidity  with  which  these  gravels  absorb 
water,  as  shown  by  these  flood  measurements, 
even  after  the  flood  had  been  pouring  into  the 
gravels  for  18  hours,  indicates  how  very  porous 
these  gravels  in  this  reservoir  must  be.  Still 
this  is  hardly  more  astonishing  than  the  obser- 
vation made  by  Mr.  J.  B.  Lippincott  and  my- 
self on  January  27th,  1912,  when  we  witnessed 
a  flow  of  45  sec.  ft.  of  water  completely  dis- 
appear into  the  gravels  of  the  Arroyo  Valle 
stream  bed  in  a  length  of  3000  feet.  The 
porosity  of  these  gravels,  where  they  lie  un- 
der the  so-called  clay-cap,  is  shown  to  be  at 
least  as  much  by  the  measurements  of  the  under- 
ground water  velocities  in  these  gravels  made 
by  Mr.  F.  H.  Tibbetts,  in  1906.  Using  the 
Sehlicter  method  (the  same  as  used  by  the  U. 
S.  Geological  Survey)  he  found  velocities  of  the 
underground  waters  as  follows: 

Date  of                        "Well  Velocity,  feet          Direction 

measureTnent.  No.  per  day.                 of  flow. 

Feb.     22,1906 7  24.5              Southwest 

Apr.       9,1906 9  22.6                 S.  15°  W. 

Aug.       1,  1906 9  25.1 

Apr.      8,1906 13  10.9              Southwest 

June    20,  1906 13  15.2 

July     19,  1906 13  19.4 

May       5,  1906 26  43.6 

Aug.     16,  1906 26  57.1 

In  his  investigation  of  the  underground 
waters  of  Long  Island,  Mr.  J.  R.  Freeman  in 
his  "New  York's  Water  Supply",  page  540, 
says : 

"This  proves  that  near  the  conduit  line 
the  water  must  be  moving  seaward  at  the 
rate  of  about  one  mile  per  year,  or  about  15 


feet  per  24-hour  day;  but  this  is  the  place  of 
maximum  velocity,  for  obviously  as  we  go 
north  the  volume  of  water  passing  a  given 
vertical  east  and  west  section  rapidly  be- 
comes less  as  the  northern  border  of  the 
watershed  is  approached,  while  the  depth  of 
the  saturated  gSravel  probably  lessens  in 
smaller  degrees." 

The  remarkable  freedom  with  which  the  water 
passes  through  the  Livermore  gravels  even  as 
compared  with  the  Long  Island  supply,  shows 
how  very  open  they  must  be,  and  what  an 
enormous  amount  of  water  they  hold. 

Under  the  present  conditions,  both  as  to  soil 
and  saturation,  the  flood  waters  of  the  creeks 
on  the  northern  side  of  the  valley  pass  over  the 
adobe  soil,  of  the  northern  part  of  the  valley 
to  Lagl^na  Creek,  down  which  they  escape. 
These  soils  are  by  no  means  impervious.  Thej 
are  common  in  all  California  valleys.  Aroand 
the  margin  of  Santa  Clara  Valley,  noticeably  in 
the  eastern  and  southeastern  part  are  to  be  found 
adobe  soils  much  more  dense,  and  containing 
much  more  clay,  than  do  these  in  question,  and 
the  Santa  Clara  Valley  adobes  absorb  practical- 
ly all  the  water  running  off  the  slopes  of  the  ad- 
jacent mountain  sides. 

This  is  further  demonstrated  by  the  fact  that 
adobe  soils  lend  themselves  very  readily  to  irri- 
gation, and  it  is  well  known  by  experienced  irri- 
gators that  adobe  soils  drink  up  as  much  water, 
if  not  more,  than  do  lighter  soils. 

A  portion  of  the  flood  waters  of  the  Arroyo 
Valle  are  absorbed  by  its  gravelly  beds  and  the 
rest  passes  on  to  the  Laguna  Creek  and  escapes, 
and  all  the  waters  of  the  Mocho  are  absorbed 
by  the  gravels  so  long  as  they  are  not  completely 
saturated. 

Broad  Irrigation   Will  Assist 
Storage  of  Flood  Waters. 

To  prevent  this  waste  of  flood  water  we  have 
outlined  a  canal  system  shown  on  map  on  Plate 
24,  to  spread  the  water.  This  indicates  the 
waters  of  the  Alamo  being  diverted  soon  after 
they  leave  the  hills  and  carried  by  canal  in  a 
general  southeasterly  direction  to  spread  over 
the  lands  north  of  Pleasanton  which  are  now 
saturated  by  artesian  waters. 

With  a  depleted  reservoir  there  will  be  no 
hindrance  of  these  flood  waters  sinking  to  the 
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lowered  water  table  through  the  same  channels 
by  which  the  artesian  waters  now  rise.  In  like 
manner  the  waters  of  the  Las  Positas  and  Cotton- 
wood Creeks  will  be  carried  by  canal  as  shown 
on  the  map  to  the  porous  gravelly  beds  west 
of  Livermore. 

The  Arroyo  del  Valle  is  the  most  important 
single  producer  of  the  Livermore  Valley.  Flood 
discharge  at  the  rate  of  3000  M.  Q.  D.  was 
measured  in  the  Arroyo  Valle,  for  short  dura- 
tion, on  March  23,  1907.  This  represents  a 
run-off  of  something  over  20  M.  G.  D.  per  square 
mile.  If  the  intensity  of  this  flood  be  doubled 
it  would  be  40  million  gallons  per  square  mile 
per  24  hours,  or  about  5500  M.  G.  D.  Those  ex- 
treme floods  are  very  rare  and  their  peaks  would 
perhaps  last  but  a  few  hours.  At  present 
these  flood  waters  pass  down  over  the  absorbent 
beds,  in  much  too  large  quantities  for  the  porous 
gravels  to  completely  absorb,  to  Laguna  Creek. 
On  the  above  mentioned  map  is  shown  a  system 
of  canals  capable  of  spreading  these  flood  waters 
over  3  square  miles  of  the  gravelly  surface  of 
the  valley  floor.  This  area,  together  with  the 
30  million  square  feet  of  the  stream  channel 
between  Cresta  Blanea  bridge  and  the  gravel 
pits  absorbing  water  at  only  three-quarters  the 
rate  measured  in  March,  1912,  or  1500  million 
gallons  per  square  mile  per  day,  can  be  made 
to  absorb  more  than  5500  million  gallons  per  day. 

As  previously  stated,  the  floods  of  the  Arroyo 
Valle  will  be  regulated  by  the  Arroj'o  Valle 
Reservoir,  and  it  has  been  shown  that  the  rate 
of  discharge  from  the  Arroyo  Valle  will  by  this 
means  be  reduced  to  about  250  M.  G.  D.,  or  ap- 
proximately 400  cubic  feet  per  second.  At  the 
rate  at  which  the  flood  of  March,  1912,  entered 
the  gTavels  in  the  Arroyo  Valle  Creek  bed  (10 
feet  per  day  per  square  foot)  a  stream  of  this 
size,  under  the  same  conditions,  would  be;  ab- 
sorbed by  less  than  100  acres  of  gravel.  If  by 
reason  of  the  different  conditions  this  rate  of 
absorption  be  decreased  to  one-half  that  meas- 
ured in  March,  1912,  a  stream  of  250  M.  G.  D. 
would  be  absorbed  in  less  than  175  acres.  One 
square  mile  would  absorb  it  if  the  conditions 
were  so  unfavorable  as  to  permit  of  a  velocity 
through  the  gravels  of  only  11/4  feet  per  square 
foot  per  da3^ 

The  Arroyo  Valle  is  by  far  the  largest  water 


producer  of  the  streams  tributary  to  Livermore 
Valley,  so  it  will  be  readily  seen  that  a  provision 
of  3  square  miles  of  superficial  area  of  gravels 
is  ample  to  absorb  all  the  waters  fed  into  it. 

Livermore  Gravels  Will  Safely 
Yield  Over  55  M.  G.  D. 

Using  the  Arroyo  Valle  Eeservoir  as  a  regu- 
lator, the  rmi-off  of  the  catchment  area  tributary 
to  the  Livermore  underground  gravel  reservoir 
of  399.14  square  miles,  is  shown  in  the  form  of  a 
mass  diagram  on  Plate  25. 

The  mass  run-off  line  is  formed  by  adding 
the  run-off  of  all  the  catchment  areas  tributary 
to  Livermore  Valley,  except  that  of  Arroyo  Valle 
above  the  Reservoir,  to  the  draft  from  the  Res- 
ervoir, as  shown  on  Plate  17,  the  Arroyo  Valle 
Reservoir  being  used  as  a  regulator. 

On  mass  diagram  Plate  26  are  shown  these  two 
divisions  of  run-off,  i.  e.,  that  from  the  Arroyo 
Valle  Reservoir  and  that  from  the  rest  of  the 
catchment  area  tributary  to  the  Livermore  Val- 
ley, and  it  will  be  noted  that  for  nearl,y  one-half 
the  seasons  shown,  the  water  product  from  these 
two  divisions  would  have  been  approximately 
equal.  For  6  years  the  water  product  from  the 
catchment  area  above  the  Arroyo  Valle  Reser- 
voir would  have  been  considerably  in  excess  of 
that  from  all  the  rest  of  the  tributary  catchment 
areas  combined,  and  for  5  years  the  reverse 
would  have  happened,  so  that  over  the  whole 
period  these  two  divisions  about  equal  each  other 
in  water  production. 

By  reference  to  the  mass  diagram,  Plate  25, 
it  is  seen  that  the  years  of  light  flow  occurred 
between  the  seasons  1897-98  and  1904-5,  and  this 
period  determines  the  gross  draft  that  may  ob- 
tain without  drawing  upon  more  than  the  87,000 
M.  G.  storage,  within  the  100  foot  depth.  This 
is  a  purely  arbitrary  limit  and  not  the  limit,  by 
any  means,  of  practicable  pumping. 

From  the  mass  diagram  it  is  seen  that  the 
gross  draft  is  60.54  M.  G.  D. 

From  1891  to  1897  there  are  8  years  when 
the  gravel  reservoir  will  always  be  full. 

From  1897-98  to  1904-5  the  draft  will  be 
greater  than  the  inflow  for  each  season,  and  the 
plane  of  saturation  will  gradually  recede,  until 
at  the  end  of  the  summer  of  1905  the  limit  of  the 
87,000  M.  G.  of  storage  is  reached. 

In  the  season  1905-6  and  1906-7  the  flow  into 
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the  gravel  reservoir  is  in  excess  of  the  draft  to 
such  an  extent  that  by  the  end  of  the  season 
1906-7  the  reservoir  is  nearly  full. 

From  the  season  1906-7  to  1909-10  the  flow 
into  the  reservoir  is  practically  equal  to  the 
draft,  and  in  the  following  season.  1910-11,  the 
reservoir  is  completely  filled,  beside  a  surplus  of 
2000  M.  G. 

This  unit  of  the  Alameda  System,  when  de- 
veloped, will  be  so  operated  that  the  line  of 
saturation  on  top  of  the  100-foot  prism  used 
as  a  reservoir  will  be  kept  at  least  9  feet  below 
the  surface  of  the  ground. 

(In  this  way,  as  has  been  done  in  other  parts 
of  California,  the  loss  due  to  evaporation 
from  saturated  soils,  which  during  the  past 
23  years  is  estimated  at  20  M.  G.  D.  will  be 
prevented.  This  loss  is  fully  discussed  elsewhere 
in  this  report.  It  is  probable  that  this  will  not 
be  wholly  successful,  though  fortunately  any  sur- 
face saturation  that  does  occur  will  be  in  the 
winter  months  when  evaporation  and  transpira- 
tion loss  it  at  a  minimum.  This  is  also  true  of 
any  evaporation  loss  that  may  occur  in  spread- 
ing the  waters  over  the  gravel  surface. 

With  efficient  operation  under  complete  de- 
velopment, it  is  believed  that  the  loss  due  to 
evaporation  from  saturated  soil  will  average 
much  less  than  2  M.  G.  D. 

By  reference  to  the  mass  diagram  of  the  Ar- 
royo Valle  Reservoir,  Plate  17,  it  is  seen  that  in 
using  this  reservoir  as  a  regulator,  the  draft  is 
seldom  large.  For  the  most  part  it  may  be  easily 
carried  in  a  moderate  sized  conduit  to  the  main 
artery,  which  will  collect  the  water  from  the 
Livermore  gravel  reservoir.  Loss  due  to  evap- 
oration from  this  source  will,  therefore,  only 
occur  to  a  small  degree  and  for  the  purpose  of 
this  estimate  may  be  neglected. 

A  liberal  allowance  for  local  consumption  in 
the  Livermore  Valley  is  1^4;  ^''^-  Gr.  D. 

It  is  estimated  that  by  using  the  Arroyo  Valle 
Reservoir  as  a  regulator  the  evaporation  from 
it  will  be  1.66  M.  G.  D. 

To  get  the  net  safe  yield,  therefore,  it  is  neces- 
sary to  deduct  5.16  M.  G.  D.  from  the  gross  draft 
of  60.54  M.  G.  D.,  from  which  the  net  safe  yield 
becomes  55.38  M.   G.  D. 

Surplus  from  the  Livermore  Underground 
Reservoir  occurs  as  follows : 


Season.  Mil.  gals. 

1890-91 3,000 

1892-93 10,000 

1893-94 9,000 

1894-95 11,000 

1895-96 2,000 

1896-97 8,000 

1906-07 2,000 

1910-11 13,100 

Total 58,100 

This  total,  if  spread  over  the  period  of  23 
years,  will  average  about  51/2  M.  G.  D.  This 
surplus  flows  into  the  Laguna  Creek  and  does 
its  share  in  sustaining  the  storage  in  the  Sunol 
gravels. 

Water   Will  be  Extracted  by  Pumps. 

Water  will  be  extracted  from  the  Livermore 
Underground  Reservoir  by  meaus  of  a  series  of 
pumping  stations  drawing  water  from  lines  of 
wells  across  the  valley  floor,  somewhat  as  indi- 
cated on  Plate  24. 

By  distributing  the  wells  properly  and  oijer- 
ating  them  in  harmony,  the  surface  of  the  water 
plane  may  readily  be  controlled.  By  controlling 
the  water  surface,  the  loss  due  to  evaporation 
from  saturated  soil  surface,  previously  discussed, 
will  be  eliminated.  The  Avater  so  pumped  will 
be  gathered  by  conduits  which  lead  to  the  main 
conduit  from  Pleasanton  to  Sunol  and  thence 
to  San  Francisco. 

Sunol  Gravels  Are  Very  Deep. 

The  Sunol  Underground  Gravel  Reservoir  has 
been  briefly  discussed  under  "Storage",  in 
this  report. 

Dr.  Branner  states  that,  "similar  to  the  Liv- 
ermore gravels,  the  Sunol  gravels  are  of  great 
depth". 

Recent  borings  show  that  these  gravels  are 
very  much  deeper  than  Ave  previously  believed. 

So  far,  only  approximately  the  upper  20  feet 
have  been  drawn  upon,  their  function  being  to 
serve  as  an  enormous  filter  through  which  the 
surface  water  of  the  Alameda  System  passes, 
before  being  conveyed  to  San  Francisco. 

Obviously  none  of  the  great  storage  lying 
below  the  filter  galleries,  and  Avhich  Nature  has 
provided  for  us,  can  be  utilized  without  pump- 
ing. But  by  this  method  the  gravels  may  be 
depleted,  and  the  basin  serve  to  conserve  the 
floods  and  the  surplus  waters  from  the  Calaveras 
and  San  Antonio  Surface  Reservoir,  and  the 
Livermore  Underground  Reservoir.    Consequent- 
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ly,  this  becomes  a  purely  storage  reservoir,  from 
which  filtered  water  will  still  be  drawn. 

Sunol  Gravels  Will  Safely  Yield 
Over  11  M.G.D. 

Plate  27  shows  a  mass  diagram  of  the  summa- 
tion of  seasonal  run-off  of  the  Sunol  drainage, 
together  with  the  surplus  water  from  other  reser- 
voirs, as  determined  in  the  preceding  pages  of 
this  report. 

From  this  diagram  we  see  that  the  period  of 
low  flow  which  tests  the  reservoir  most  severely 
is  between  the  seasons  1897-98  and  1905-06. 

"With  a  storage  of  10,000  M.  G.,  as  shown  here- 
tofore, and  starting  with  a  full  reservoir 
in  the  season  of  1889-90,  a  safe  gross  yield  of 
11.36  M.  G.  D.  may  be  made  upon  the  reservoir 
with  the  following  result: 

From  1889-90  to  1892-93,  the  draft  will  be 
slightly  in  excess  of  the  inflow.  From  the  sea- 
son 1892-93  to  1894-95  considerable  waste  will 
occur  each  season.  In  the  season  1895-96  the 
draft  and  inflow  are  about  equal.  In  the  season 
1896-97  there  is  again  waste.  From  the  season 
1897-98  to  the  season  1905-06  the  draft  is  equal 
to,  or  in  excess  of,  the  inflow,  with  the  result 
that,  at  the  end  of  the  summer  of  1905-6,  all 
of  the  10,000  M.  G.  of  storage  have  been  used. 
In  the  seasons  of  1905-6  and  1906-7  the  inflow 
is  greatly  in  excess  of  the  draft,  causing  the 
reservoir  to  fill  and  waste  during  the  season 
1906-7.  From  1906-7  to  1910-11  the  inflow  is  in 
excess  of  the  draft.  cau.sin£r  small  waste  in 
1908-9  and  great  waste  in  1910-11. 

Because  of  their  great  porosity,  even  at  the 
surface  of  the  ground,  no  capillary  tubes  will 
form  in  the  Sunol  gravels,  and  any  evaporation 
will,  therefore,  be  negligible,  and  the  safe  net 
yield  of  the  Sunol  Underground  Reservoir  is 
equal  to  the  gross  yield,  or  11.36  M.  G.  D. 

Followinsr  is  a  tabulation  of  waste  that  passes 

down  the  Niles  Canyon  on  its  way  to  San  Fran- 

oi«eo  Bay: 

Season  M.  G. 

isfl^-fls R4.nnn 

1  sfis-94 1  fi.non 

1 S94-9K 37.nnn 

iRfl.f^-flfi i.onn 

1 8flfi-97 lii.nnn 

1  flofi-n? 1 .500 

1 90S-0fl t.ooo 

1910-11 17,500 

Total    123,000 


Distributed  over  the  23  years  this  amounts 
to  5350  M.  G.  per  year,  or  14.6  M.  G.  D. 

Alameda  System  Will  Safely  Yield 
Over  135  M.  G.  D. 

The  Calaveras  Eeservoir,  with  a  storage  ca- 
pacity of  55,000  M.  G.,  may  be  depended  upon 
for  a  safe  net  yield  of  60.14  M.  G.  D. 

The  San  Antonio  Reservoir,  with  a  storage 
capacity  of  11,674  M.  G.,  will  safely  yield  8.92 
M.  G.  b. 

By  utilizing  the  Arroyo  Valle  Reservoir  as  a 
regulator  in  conjunction  with  the  Livermore 
Underground  Gravel  Reservoir,  which,  by  draw- 
ing to  a  depth  of  only  100  feet,  has  a  storage 
capacity  of  87,000  M.  G.,  the  Livermore  gravels 
may  be  made  to  safely  yield  55.38  M.  G.  D. 

The  Sunol  gravels,  if  used  as  a  reservoir  in- 
stead of  ptirely  as  a  filter  bed,  and  drawing  a 
depth  of  only  100  feet,  will  make  available 
10,000  M.  G.  storage  and  will  safely  yield  1 1.36 
M.  G.  D. 

COYOTE  RIVER  SYSTEM. 

The  Coyote  River  rises  just  south  of  Mount 
Hamilton  and  flows  in  a  general  southeasterly, 
westerly,  and  northwesterly  direction  for  a  dis- 
tance of  about  30  miles,  where  it  debouches  into 
the  Santa  Clara  Valley  at  a  place  about  70 
miles  southeast  of  San  Francisco,  commonly 
called  the  Upper  Gorge. 

After  entering  the  valley  it  flows  northwester- 
ly through  the  valley  trough  emptjdng  into  the 
southerly  extremity  of  San  Francisco  Bay  near 
the  town  of  Milpitas.  That  part  of  the  river 
above  the  Upper  Gorge  and  lying  wholly  within 
the  mountains  is  referred  to  as  the  Upper  Coy- 
ote, whose  tributary  catchment  area  is  193  square 
miles.  About  11  miles  upstream  from  the  Upper 
Gorge,  at  damsite  "D",  it  is  proposed  to  con- 
struct the  Coyote  Reservoir,  having  a  storage 
capacity  of  about  9100  M.  G.,  as  shown  on  Plate 
F-4,  its  relation  to  Coyote  catchment  area  being 
shown  on  Plate  F-1.  The  reservoir  has  a  tribu- 
tary catchment  area  of  115  square  miles,  which 
in  topography  is  very  similar  to  that  of  the 
Calaveras  catchment  area,  though  not  quite  so 
productive  of  water. 

The  seasonal  precipitation   over    this    catch- 
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ment  area  as  indicated  by  records  given  by 
Messrs.  Haehl  and  Toll  in  Vol.  61  of  the  Transac- 
tions of  the  American  Society  of  Civil  Engineers, 
is  in  excess  of  26  inches,  or  about  2  inches  less 
than  that  of  Calaveras.  Actual  gagings  cover- 
ing a  period  of  7  years  and  made  in  conjunc- 
tion with  the  precipitation  records,  above  men- 
tioned, are  available  for  this  analysis. 

Detailed  discussion  of  the  computations  of 
precipitation  and  run-off  are  given  in  Appendix 
"F",  prepared  by  Mr.  H.  Munett,  of  the  Engi- 
neering Corps  of  the  Spring  Valley  Water  Com- 
pany. 

From  these  computations  has  been  prepared 
a  mass  diagram,  Plate  F-3,  showing  the  cumula- 
tive run-off  of  the  Coyote  Reservoir  for  the  23 
years,  3889-90  to  1911 -12.  On  this  diagram  is 
also  shown  the  dependable  draft  that  may  be 
made  from  this  reservoir.  The  gross  draft  is 
23.01  M.  G.  D.,  which  after  allowing  for  evap- 
oration, at  the  liberal  rate  of  48  inches  per  sea- 
son, is  reduced  to  a  net  draft  of  21.16  M.  G.  D. 

Waste  occurs  as  follows ; 

Season.  M.  G. 

1889-90 32,000 

1890-91 2,000 

1892-93 4,500 

1894-95 1,000 

1895-96 10,200 

1896-97 7,600 

1898-99 2,500 

1902-03 3,600 

1905-OC 11,000 

1906-07 32,000 

1908-09 25,000 

1909-10 4,200 

1910-11 10,000 

Total    145,600 

Averaged  through  the  23-year  period  this 
waste  amounts  to  17.34  M.  G.  D.,  which  is  dis- 
charged into  the  Santa  Clara  Valley.  The  con- 
tribution from  that  part  of  the  Upper  Coyote 
lying  below  the  Coyote  Reservoir  amounts  to 
an  average  of  28  M.  G.  D.,  making  a  total  con- 
tribution to  the  Santa  Clara  Valley  after  the 
Coyote  Reservoir  is  in  operation  of  45  M.  G.  D. 

ALVISO-RAVENSWOOD   SYSTEM. 

This  system  consists  of  a  large  body  of  arte- 
sian land  surrounding  the  southern  extremity 
of  San  Francisco  Bay.  This  territory  has  been 
explored  by  a  large  number  of  wells  which  in- 
dicate that  a  large  supply  of  water  may  be  ob- 
tained from  this  source.     As  previously  stated, 


for  the  purposes  of  this  report,  I  have  accepted 
the  estimate  of  Mr.  Hermann  Schussler  of  safe 
dependable  yield  of  this  source  which  is  21  M. 
G.  D. 

SAN  JOAQUIN  RIVER. 

The  San  Joaquin  River  is  one  of  the  largest 
rivers  in  California.  It  serves  a  catchment  area 
of  6000  square  miles,  carrying  to  the  San  Fran- 
cisco Bay  all  the  waste  waters  from  that  por- 
tion of  the  Sierra  Nevada  Mountains  lying  south 
of  the  Calaveras  River. 

Always  Available    for  Distant  Future. 

It  lies  about  20  miles  east  of  the  Livermore 
Valley,  and  at  such  time  in  the  remote  future, 
when  the  needs  of  San  Francisco  shall  have  be- 
come equal  to  the  safe  dependable  yield  of  the 
resources  of  the  Spring  Valley  Water  Company, 
an  almost  unlimited  supply  of  water  may  be 
readily  obtained  from  this  source. 

By  pumping  and  conveying  only  20  miles  this 
water  may  be  delivered  into  the  Livermore  Val- 
ley, whence  it  may  be  filtered  by  the  imlimited 
natural  filtration  gravels  and  conveyed  to  the 
City  of  San  Francisco. 

CONSUMPTION  OF  WATER. 

The  average  daily  consumption  of  water  in 
San  Francisco  for  the  year  1911,  as  indicated 
by  the  records  of  the  Spring  Valley  Water  Com- 
pany, was  37.7  million  gallons  daily. 

During  the  last  few  years  the  consumption  has 
increased  at  the  average  rate  of  about  1^2  ^■ 
G.  D.  per  annum.  For  many  years  the  future 
requirements  for  San  Francisco  have  been  the 
subject  of  careful  analysis  and  thought  by  all 
investigators  of  the  water  supply  of  this  City, 
and  many  elaborate  compilations  and  deductions 
have  been  made.  These  results  are  based  upon 
estimates  of  increased  population  and  of  indus- 
trial activity,  and  at  best  can  be  only  approxima- 
tions. 

So  many  unforeseen  factors  may  predominate 
in  a  few  years,  tending  either  to  stimulate  or  to 
hamper  the  growth  of  a  city,  that  estimates  as 
to  the  increase  in  population  are  but  speculative. 
To  this  is  added  the  uncertainty  as  to  the  change 
in  the  per  capita  consumption,  which  may  be 
similarly  affected  by  various  factors.  Among 
these  are  the  installation  of  meters,  changes  in 
methods  of  living  and  industrial  development. 


I 

I 


-- 

- 

— 

— 

\ 

s, 

— 

\ 

s 

\ 

\ 

- 

— 

1 

^\ 

N 

\ 

- 

— 

— 

0 

\ 

\ 

^\ 

N 

\ 

S 

^ 

\ 

'v 

^~, 

\ 

\ 

\ 

\ 

\^ 

^^ 

\ 

S 

X 

., 

N 

\ 

\ 

'^ 

\ 

N 

\ 

kl 

-^ 

^ 

* 

\ 

\ 

\ 

\ 

\ 

--^ 

^ 

\ 

\ 
^ 

^, 

^'^ 

\ 

\ 

^- 

-■ 

-- 

\ 

> 

\ 

■v\ 

>, 

^ 

^ 

— 1 

\ 

'A\ 

i 

-^ 

\ 

i 

0 

\ 

^^ 

\ 

1 

\ 

V 

^ 

\ 

\ 

\ 

I 


I 


I 
I 


<:b 


ot-oz 
o?oz 

0202 
0/07 

oooz 

066/ 
096/ 
016/ 
096/ 
096/ 
0P6/ 
0£6/ 
026/ 
0/6/ 
006/ 
069/ 
099/ 
019/ 

099/ 
099/ 


\ 


I 

Co    I 


-53 


S 
I 


ao/yG//7c/o^ 


00 
CM 


I 

to 

5; 


|2| 


I   ! 


■50 
-(0     X, 


< 

t2 

o 

"A 

H 
m 

< 
H 

o 

h- ( 

H 

W 
<J 

n 
o 

ft! 

El 

H 
O 

< 

m 

A 
H 

3 
pa 

m 
;= 
o 


o 


O 
H 

W 


o 

I— ( 
El 
< 

> 

Q 

I— I 

H 
K 

H 
O 

m 
m 

t 

o 

H 
m 
H 

td 


m 
o 
o 


84 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


Estimates  of  future  population  of  San  Fran- 
cisco have  heretofore  been  very  excessive,  as 
shown  by  those  made  30  years  ago  by  eminent 
engineers  who  anticipated  that  the  population 
of  San  Francisco  in  1900  would  be  1,000,000, 
or  approximately  three  times  the  actual  of  1900. 

In  estimates  of  the  future  consumption  of 
water,  it  has  been  customary  to  allow  100  gallons 
per  capita  per  day,  though  in  his  report  on  ' '  New 
York's  Water  Supply",  Mr.  Freeman  estimated 
that  with  proper  inspection  and  meters  on  all 
taps,  from  42  to  67  gallons  per  capita  per  day 
would  be  ample.  Similarly,  in  1904,  Mr.  Dexter 
Brackett,  Chief  Engineer  of  the  Metropolitan 
Water  District  of  Boston,  in  his  report  on  "Meas- 
urement, Consumption  and  Waste  of  Water," 
said  that  the  quantity  actually  required  for  all 
uses  in  the  Boston  District  was  551/2  gallons  per 
inhabitant  per  day,  and  that  all  use  above  that 
amount  was  waste. 

At  the  present  time  the  per  capita  consump- 
tion in  San  Francisco,  as  shown  by  the  records 
of  the  Spring  Valley  Water  Company,  is  84 
gallons  per  day.  This  low  per  capita  consump- 
tion prevails  for  many  reasons,  chief  among 
them  being : 

1.  That  the  cool  summers  and  warm  winters 
prevailing  here  obviate  the  necessity  of  summer 
sprinkling,  and  of  running  water  continuously 
from  taps  to  prevent  frozen  pipes,  as  is  the  cus- 
tom in  most  cities. 

2.  The  tendency  in  San  Francisco  to  house 
people  in  flats  and  apartments,  as  evidenced  by 
the  fact  that  while  25  years  ago  there  was  an 
average  of  6  people  to  one  water  service,  at  the 
present  time  the  average  is  9. 

3.  The  ease  with  which  salt  water  and  poor 
water  from  wells  may  be  obtained  for  con- 
densing purposes  in  industrial  plants. 

Taking  all  these  factors  into  account,  as  well 
as  the  past  use  of  water  in  San  Francisco,  we  be- 
lieve that  an  allowance  of  100  gallons  per  capita 
per  day  is  a  liberal  one.  At  this  rate  of  eon- 
sumption,  the  210  M.  G.  D.  of  the  Spring  Valley 
Water  Company  available  for  the  City  under 
complete  development  will  serve  a  population  of 
2,100,000  people. 

Previous  Estimates  by  Engineers. 

Messrs.  Hermann  Shusslejr,  C.  E.  Grunsky, 
Marsden  Manson,   C.  D.  Marx,  E.  H.  Hopson. 


have  made  estimates  of  the  population  of  San 
Francisco  for  various  future  periods,  and  none 
of  these  estimates  is  as  far  in  advance  as  2,100,- 
000  people.  However,  by  projecting  each  of 
their  population  curves  in  its  same  general  direc- 
tion, using  constantly  increasing  increments,  we 
find  that  they  will  reach  the  2,100,000  popula- 
tion mark,  as  follows: 

Hermann  Schussler 1998 

C.  E.  Grunsky 2040 

Marsden  Manson  1955 

C.  D.  Marx 1978 

E.  H.  Hopson 2005 

On  Plate  28  are  shown  the  projected  curves 
indicating  the  estimates  of  future  population 
made  by  each  of  these  gentlemen. 

If  we  use  a  decreasing  increment,  as  Mr.  Free- 
man did  in  estimating  the  future  population  of 
the  so-caJled  Metropolitan  District  of  San  Fran- 
cisco in  his  report  of  July  15,  1912,  it  would  be 
many  years  after  the  beginning  of  the  next  cen- 
tury before  the  2,100,000  mark  is  reached  by  all 
these  authorities. 

The  mean  of  the  five  estimates  given  above 
gives  a  population  of  2,100,000  to  San  Francisco 
City  in  the  year  1995.  On  this  basis,  therefore, 
the  present  water  resources  of  the  Spring  Valley 
Water  Company  available  for  the  City  of  San 
Francisco  will  be  sufficient,  when  fully  devel- 
oped, to  serve  this  City  until  about  the  beginning 
of  the  next  century. 

Plenty  of  Water  for  Metropolitan 
District. 

If  we  take  in  addition  to  this  amount,  that 
additional  quantity  available  for  the  Metro- 
politan District  from  Spring  Valley  Water 
Company  sources  of  42  M.  G.  D.,  making  a  to- 
tal of  252  M.  G.  D.,  and  apply  it  at  the  rate 
of  100  gallons  per  capita  per  day  to  Mr.  Free- 
man's estimate  of  the  future  population  of  the 
Metropolitan  District,  as  given  on  page  76  of  his 
report  above  referred  to,  we  find  that  water  avail- 
able from  the  Spring  Valley  Water  Company  re- 
sources alone  will  serve  this  Metropolitan  Dis- 
trict until  the  year  1975. 

Further,  if  to  the  ultimate  development  of  the 
Spring  Valley  Water  Company  we  add  that 
amoimt  of  water  available  from  other  sources, 
serving,  or  available  to  serve,  other  communities 
within  this  Metropolitan  District,  as  indicated 
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by  reports  for  the  City  of  San  Francisco,  it  will 
make  a  grand  total  of  about  350  M.  G.  D.,  which, 
when  applied  to  Mr.  J.  R.  Freeman's  population 
curve  at  the  rate  of  100  gallons  per  capita  per 
day,  will  supply  this  Metropolitan  area  until 
about  the  year  2000. 

Summary  of  Conclusions. 

Summarizing  the  results  of  this  report,  I  find 
that  the  Alameda  System  is  capable  of  furnish- 
ing a  dependable  yield  of  135.80  M.  G.  D. 

The  Peninsula  System,  including  the  coast 
streams  and  Lake  Merced,  may  be  relied  upon 
for  a  safe  yield  of  74.20  M.  G.  D. 

This  gives  a  total  of  210  M.  G.  D.  available 
for  the  City  of  San  Francisco,  which,  with  the 


ample  per  capita  consumption  of  100  gallons  per 
day,  will  serve  a  population  of  over  2,000,000 
people.  From  an  average  of  the  estimates  of 
various  engineers,  this  will  occur  about  the  be- 
ginning of  the  next  century. 

In  addition  to  this  there  is  the  combined  sup- 
ply from  the  Coyote  and  Bay  Shore  Systems 
available  for  the  region  around  San  Jose,  which 
is  within  the  proposed  Metropolitan  District. 
This,  together  with  nearby  sources  other  than 
those  of  the  Spring  Valley  "Water  Company,  will 
supply  the  Metropolitan  District  with  a  popula- 
tion of  3,000,000  people,  using  a  per  capita  con- 
sumption of  100  gallons  per  day.  According 
to  Mr.  Freeman,  this  will  occur  at  about  the 
beginning  of  the  next  century. 


FILTER  GALLERY  AT  SUNOL.  JUNCTION  OF  TWO  GALLERIES,    SUNOL. 

Subterranean  Water  Being  Drawn  from  the  Gravel  Fill  of  Sunol  Valley.     Nearly  Half  San  Francisco's  Water 

Supply  is  Thus  Drawn  Daily. 


THE    BASIN    OF    THE    WATER    TEMPLE    AT    SUNOL. 
Here  the  Filtered  Waters  from  the  Galleries  at  Sunol  Meet  the  Arte- 
sian Waters  from  Livermore  Valley. 


PRESENT  WORKS  OF  THE  SPRING  VALLEY  WATER 

COMPANY  WITH  THEIR  PROPOSED 

FUTURE  EXTENSIONS 


Letter  of  Transmittal. 


San  Francisco,  May  1,  1912. 

Wm.  B.  Bourn,  Esq.,  President  of  the  Spring 
Valley  Water  Company. 

Dear  Sir : — I  herewith  transmit  to  you  my  re- 
port of  May  1,  1912,  on  "The  Present  Works  of 
the  Spring  Valley  Water  Company  with  their 
Proposed  Future  Extensions." 

The  two  reports,  which  I  prepared  for  you 
during  the  past  year,  namely,  the  report  of 
August  19,  1911,  "On  the  Resources  of  the  Ala- 
meda System",  and  the  report  of  November  14, 
1911,  "On  the  Water  Resources  of  Livermore 
Valley",  were  brief  digests  of  the  respective 
situations,  and  were  not  encumbered  by  copies 
of  a  mass  of  statistical  data,  plats,  surveys, 
cross-sections,  etc.,  used  in  their  preparation; 
as,  at  your  request,  they  were  to  be  condensed 
in  form,  and,  owing  to  the  limited  time  then 
available,  these  reports  were  to  be  preliminary 
in  their  nature. 

My  report  of  May  1,  1912,  presented  herewith, 
and  entitled  "The  Present  Works  of  the  Spring 
Valley  Water  Company  with  their  Proposed  Fu- 
ture Extensions",  outlines  the  company's  gen- 
eral plan  of  future  development  of  its  present 
and  proposed  system. 

It  shows  that  by  this  proposed  development, 
the  supply  capacity  of  its  Peninsular  works  will, 
by  the  development  of  the  Coast  Streams,  be  in- 
creased from  22  million  gallons,  as  at  present, 
to  fully  70  million  gallons  per  day,  and  the  sup- 
ply capacity  of  the  Alameda  System,  from  about 
16  million  gallons  as  at  present  to  120  million 
gallons  per  day. 


That,  when  required  to  add  to  its  system,  a 
practically  unlimited  supply  of  many  hundreds 
of  millions  of  gallons  per  day,  a  portion  of  the 
spring  freshet  waters  of  the  nearby  San  Joa- 
quin River,  will  be  utilized.  The  utilization  of 
the  supply  from'  the  San  Joaquin  is  only  practi- 
cable by  the  full  control  and  use  of  the  large 
combined  filtration  and  storage  facilities  of  the 
Spring  Valley  Water  Company's  Alameda  and 
Peninsular  Division. 

This  report  furthermore  shows  that  by  the 
development  of  the  company's  artesian  and 
other  properties  around  the  southerly  portion  of 
San  Francisco  Bay,  the  large  suburban  boroughs 
of  Greater  San  Francisco  can  easily  be  fur- 
nished with  a  supply  of  50  million  gallons 
per  day,  which  will  comfortably  take  care 
of  500,000  additional  inhabitants  in  that  region 
alone. 

The  main  feature  pervading  the  entire  re- 
port of  May  1,  1912,  and  one  which  cannot  be 
too  strongly  emphasized,  is  the  "Unit  idea"  of 
combining  the  subdivisions  of  the  company's 
works  into  one  closely  connected  and  interloclced 
system,  by  which  not  only  the  greatest  degree 
of  water  conservation  will  be  effected,  but  also 
that  one  division  can  assist  the  other  by  either 
furnishing  it  with  water  or  storing  its  surplus 
waters,  thereby  reducing  waste  to  a  minimum. 

Respectfully, 

H.  SCHUSSLER, 

Consulting  Engineer  of  Spring 
Valley  Water  Company. 


PILARCITOS    SIDE   PLUME. 

In    this   beautiful    region    the    Spring   Valley   Water  Works  began  its  first  operations  in  the  early  sixties 

of  the  last  century. 
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PRESENT  WORKS  OF  THE  SPRING  VALLEY  WATER 

COMPANY  WITH  THEIR  PROPOSED 

FUTURE  EXTENSIONS 


BY 


Hermann  Schusslee, 
Consulting  Engineer,  Spring  Valley  Water  Company. 


San  Francisco,  May  1,  1912. 
W.   B.   Bourn,   Esq.,   President,   Spring  Valley 
Water  Company. 

Dear  Sir : — The  following  is  an  outline  of  my 
views  as  to  the  best  and  most  economical  method 
of  future  development  of  the  works  of  the  Spring 
Valley  Water  Company. 

The  Public  Misinformed. 

The  public,  in  the  past  and  particularly  dur- 
ing the  last  decade,  has  been  persistently  misin- 
formed regarding  the  amount  of  water  which 
can  be  developed  on  the  properties  owned  by  the 
Spring  Valley  Water  Company,  thus  spreading 
the  erroneous  idea  that  the  water  supply  obtain- 
able from  the  present  and  proposed  works  of  the 
Company  would  in  the  near  future  become  in- 
adequate for  the  needs  of  San  Francisco.  I  take 
pleasure  therefore  in  herewith  submitting  to  you 
the  following  review  on  this  subject,  which  deals 
only  with  the  facts  as  they  exist. 

Basic  Facts  Relating  to  United  System. 

In  order  to  fully  illustrate  the  situation  it 
will  be  necessary  to  review  not  only  the  Com- 
pany's present  and  future  water  product,  but 
also  the  question  of  what  will  constitute  an 
ample  supply  for  iSan  Francisco  in  the  future. 

Much  has  been  said  in  the  past  on  the  latter 
subject,  by  both  the  City  and  the  Company. 

For  the  purpose  of  comparison  I  shall  quote 
from  my  testimony  in  1904-5  in  the  U.  S.  Cir- 
cuit Court  and  from  my  affidavit  of  June  20, 
1908,  filed  in  the  U.  S.  Circuit  Court,  in  both  of 
which  my  views  on  the  subject  are  plainly  set 
forth. 


Before  making  these  quotations  I  wish  to  call 
attention  to  the  fact  that,  in  order  to  produce 
and  utilize  under  our  extremely  variable  cli- 
matic conditions  the  best  average  results  from 
the  annual  runoff  of  a  watershed,  two  conditions 
are  necessary,  viz:  First,  that  ample  storage 
facilities  are  available  in  order  to  reduce  waste 
of  water  during  rainy  seasons  to  a  minimum 
while  gathering  the  maximum  runoff,  and  sec- 
ondly, that  the  annual  supply  drawn  from  such 
storage  reservoirs  must  be  of  such  proportions, 
as  to  make  room  in  the  reservoirs  for  the  runoff 
of  the  succeeding  rainy  season.  Only  by  a  com- 
bination of  these  two  conditions  can  the  waste 
of  water  be  reduced  to  a  minimum. 

The  water  supply  furnished  to  San  Francisco 
during  the  past  50  years,  which  has  been  mainly 
based  upon  a  combination  of  the  above  two  con- 
ditions, fully  illustrates  this  principle. 

The  Company  has  provided  in  the  past  and 
intends  to  provide  in  the  future  as  large  storage 
facilities  on  its  properties  as  are  required  and 
as  the  topographical  and  physical  conditions 
permit,  in  order  that  while  drawing  its  water 
supply  from  them,  to  store  most  if  not  all  of  the 
runoff  product  of  the  succeeding  seasons,  large 
average  and  small. 

From  the  successful  experience  and  knowledge 
gained  on  this  subject  during  the  past  forty-five 
years  on  its  Peninsular  Reservoir  System,  dur- 
ing which  long  term  the  Company  has  succeeded 
in  reducing  the  waste  of  water  from  its  reser- 
voirs to  a  minimum,  coupled  with  its  observa- 
tions and  experience  gathered  since  the  season 
of  1889-90  regarding  the  runoff  and  storage  con- 
ditions on  its  Alameda  Creek  System,  studies 
have  been  made  and  plans  have  been  prepared 
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by  the  Company  for  the  gradual  and  fullest  de- 
velopment of  the  Alameda  System,  and  the  aver- 
age daily  net  water  product  that  can  be  devel- 
oped OH  this  system  has  been  very  closely  ascer- 
tained. 

In  many  of  my  reports  to  the  Company  as 
well  as  in  my  testimony  I  have  placed  great  em- 
phasis on  the  principle,  that  in  order  to  obtain 
under  our  variable  climatic  conditions  the  best 
results  as  to  net  water  yield  from  the  Company 's 
Peninsular  and  Alameda  Systems,  it  is  absolute- 
ly necessary  to  construct  and  operate  the  respec- 
tive works,  and  connect  them  with  each  other  in 
such  manner  that  both  systems  will  form  one 
complete  unit. 

Thus  by  providing  the  largest  available  stor- 
age facilities  for  the  main  branches  of  each  of 
the  two  systems  and  by  connecting  both  by  con- 
duits of  capacity  ample  to  convey  the  water 
from  the  reservoirs  on  the  Alameda  System  into 
the  large  Peninsular  Reservoir  storage  which  will 
be  provided  over  and  above  the  requirements  for 
the  water  product  from  the  direct  watersheds 
of  the  latter  reservoirs,  the  waste  of  water  from 
either  portion  of  the  combined  system  will  be 
reduced  to  a  minimum. 

Works  Constructed  and  Operated  as 
One  Closely  Connected   Unit. 

The  following  quotations  relating  to  my  views 
on  the  necessity  of  constructing  and  operating 
the  Company's  properties  and  works  as  one 
closely  connected  unit  are  taken  from  my  above 
mentioned  testimony  of  1904-5  in  the  U.  S.  Cir- 
cuit Court: 

Answer  to  Question  No.  919: — "When  in 
former  years  the  water  supply  of  San  Fran- 
cisco was  solely  drawn  from  the  peninsula 
sources,  the  combination  of  these  reservoirs, 
watersheds  and  water  rights  was  always 
handled,  managed  and  treated  as  a  unit. 
Since  then,  owing  to  the  growth  of  the  water 
consumption  in  San  Francisco,  and  in  order 
to  meet  such  growing  demand,  it  became  nec- 
essary to  join  the  supply  from  Alameda  Creek 
to  that  from  the  peninsula,  and  the  two  sys- 
tems have  become  so  intimately  connected 
and  interwoven  with  each  other  that  they 
can  neither  be  separated  nor  treated  nor 
valued  separately  from  each  other,  as  they 
form  one  inseparable  unit  and  must  always 
be  handled  and  valued  as  such." 

Answer  to  Question  923: — "This  unit  idea 
will  be  still  more  the  case  and  will  be  still 


more  accentuated  in  the  future  as  with  the 
constantly  growing  consumption  the  amount 
of  water  annually  hereafter  drawn  from  Ala- 
meda Creek  will  constantly  grow  in  volume 
while  serving  as  a  feeder  to  the  Crystal 
Springs  reservoir,  in  which  reservoir  such 
waters  from  the  Alameda  Creek  on  their 
way  to  San  Francisco  will  be  accumulated, 
together  with  waters  coming  from  other 
sources  into  the  same  reservoir.  This  shows 
that  now  as  well  as  hereafter,  when  the 
works  of  the  Company  are  eventually  com- 
pleted as  contemplated,  all  of  the  properties 
as  reservoir  sites,  watersheds,  water  rights, 
rights  of  way  and  works  are  and  always  will 
be  one  inseparable  unit.  The  unity  of  the  en- 
tire combination  enables  the  works  to  furnish 
an  economical,  interchangeable,  constant, 
reliable  and  abundant  supply  of  potable 
water." 

Part  of  Answer  958: — "So  that,  at  any 
time  when  required,  surplus  waters  from  the 
Alameda  Creek  System  that  would  run  to 
waste  from  the  full  reservoirs  there  if  no  pro- 
viso was  made  on  this  side  of  the  bay  to  store 
such  surplus  waters,  those  surplus  waters 
will  then  be  run  over  and  stored  in  the  Crys- 
tal Springs  reservoir.  It  is  plain,  therefore, 
that  the  one  part  of  the  works,  the  peninsula 
part,  will  then  need  the  Alameda  Creek  por- 
tion for  additional  supply,  while  the  Alameda 
Creek  portion  will  need  the  peninsula  system 
of  reservoirs  for  assisting  in  the  storage  of 
its  surplus  waters.  In  that  manner,  by  prop- 
erly -carrying  out  the  very  carefully  devised 
plans  in  the  future  of  gradually,  as  the  City's 
demand  for  water  grows,  increasing  the  stor- 
age facilities  on  the  properties  of  the  com- 
pany, and  also  increasing,  necessarily,  the 
conduit  lines  in  capacity,  the  daily  supply  for 
San  Francisco  can  gradually,  economically, 
and  always  ahead  of  time  be  brought  up  to 
about  135,000,000  gallons  a  day,  which  is  the 
probable  consumption,  as  approximately  esti- 
mated, in  about  sixty  or  seventy  years  from 
now." 

The  above  quotations  from  my  testimony  very 
clearly  and  unmistakably  show  the  method  by 
which,  and  the  reasons  for  which,  the  Spring 
Valley  Water  Company  proposes  to  save  most  if 
not  all  of  the  runoff  waters  from  both  the  Pen- 
insular and  the  Alameda  branch  of  its  united 
system. 

As  an  evidence  that  this  plan  had  been  adopted 
by  the  Company  a  number  of  years  before  my 
above  testimony  of  1904-5  was  given,  I  will 
quote  from  my  estimate  furnished  to  the  Board 
of  Supervisors   at  their  request,   in  my  report 
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to  them  of  February  5,  1901,  on  the  cost  of 
gathering  and  storing  water  in  Calaveras  Val- 
ley (I  on  accompanying  map)  and  conveying 
30  million  gallons  per  day  into  Crystal  Springs 
Reservoir  (XI  on  map),  and  from  there  to  San 
Francisco. 

(See  pp.  34-35  of  my  report  of  February  5, 
1901,  to  the  Board  of  Supervisors  of  San  Fran- 
cisco.) 

"11,700  feet  Tunnel  No.  1,  capacity  one 
hundred  million  gallons  daily"  (19  on  map). 
"120,000  linear  feet,  Al  American  iron 
pipe  (not  steel)  46"  clear  diameter,  capacity 
thirty  million  gallons  per  24  hours"  (18  on 
map). 

"7,000  feet  Tunnel  No.  2  of  two  hundred 
and  fifty  million  gallons  capacity  per  %!i. 
hours"   (westerly  end  of  18  on  map). 

The  above  quotations  show  plainly  by  the 
large  daily  carrying  capacity  of  Timnel  No.  1, 
(being  the  main  westerly  outlet  tunnel  of  Cala- 
veras Reservoir  (19  on  map),  then  planned  for 
a  capacity  of  100  million  gallons  per  day,  or 
fully  three  times  the  daily  capacity  of  the  first 
46  inch  pipeline,  then  proposed  to  run  from 
there  to  Crystal  Springs  Tunnel  [T18  on  map]) 
that  tunnel  19  was  intended  to  carry  principally 
during  rainy  seasons  the  excess  water  of  Cala- 
veras Reservoir  into  the  Crystal  Springs  Reser- 
voir and  thus  prevent  waste  from  the  former 
reservoir  down  Calaveras  Creek,  or  at  least  re- 
duce such  waste  to  a  minimum. 

The  quotations  furthermore  show  that  Tunnel 
No.  2,  the  main  tunnel  (T  18  on  map)  piercing 
the  divide  between  the  Santa  Clara  Valley  and 
Crystal  Springs  Reservoir,  through  which  the 
first  as  well  as  future  additional  pipelines 
across  Santa  Clara  Valley  were  to  pour  the  sur- 
plus water  of  the  Calaveras  Reservoir  into  Crys- 
tal Springs  Reservoir,  being  made  of  a  capacity 
of  250  million  gallons  per  day,  was  intended, 
besides  carrying  the  water  from  the  Coast 
Stream  Project  and  other  sources,  to  also  carry 
the  100  million  gallons  per  day  of  storm  water 
eventually  to  be  brought  from  Calaveras  Reser- 
voir via  the  route  19-18-T-18,  the  pipe  capacity 
of  line  18  m.eanwhile  being  increased  up  to  the 
100  million  gallons  per  day  capacity  of  Tun- 
nel 19.  ■  '^^. 

Since  writing  the  above  report  of  February 
5,  1901,  eleven  years  have  elapsed  and  by  a 
thorough  study  of  the  potentiality  of  the  Ala- 
meda   System    during    this    long    intervening 


period,  I  became  more  than  ever  convinced  that 
my  original  plan  as  shown  in  the  above  quota- 
tions from  my  above  report  of  February  5, 
1901,  as  well  as  in  my  testimony  of  1904-5,  fur- 
nished the  most  economical,  practical  and  suc- 
cessful ,method  of  reducing  the  waste  from  the 
proposed  Alameda  System  (when  under  its  full- 
est development  in  the  future)  to  a  minimum. 

In  my  report  of  August  19,  1911,  on  the  re- 
sources of  the  Alameda  System  (in  case  the 
Company  should  decide  to  build  the  Calaveras 
Reservoir  to  a  capacity  of  30,000  million  gal- 
lons only)  I  stated  that  the  Calaveras  Tunnel 
(19  on  map)  might  then  have  to  be  enlarged  to 
a  daily  capacity  of  fully  200  million  gallons  per 
day,  so  as  to  bring  its  daily  carrying  capacity 
to  equal  that  of  three  future  60-inch  pipes  each 
of  75  million  gallon  daily  carrying  capacity. 

During  the  rainy  season  and  whenever  there 
was  danger  of  losing  water  by  waste  from  the 
30,000  million  gallon  Calaveras  Reservoir  the 
full  capacity  of  the  Calaveras  Tunnel  (19  on 
map)  of  say  225  million  gallons  per  day  could 
then  be  discharged  through  the  three  60-inch 
pipelines  (18  on  map)  across  Santa  Clara  Val- 
ley and  through  the  Crystal  Springs  Tunnel 
(T-18  on  map)  into  the  enlarged  Crystal 
Springs  Reservoir. 

The  Spring  Valley  Water  Company  rather 
than  to  go  to  the  expense  of  the  third  one  of 
these  60"  pipelines  contemplates  increasing  the 
storage  capacity  of  the  Calaveras  Reservoir  by 
raising  the  highwater  mark  to  790  feet  elevation 
above  tide,  thus  giving  it  a  maximum  storage  ca- 
pacity of  about  53,000  million  gallons. 

Thus  by  means  of  this  proposed  enlarged 
storage  capacity  at  Calaveras  and  the  two  60" 
pipelines  to  Crystal  Springs  Reservoir  of  a  joint 
carrying  capacity  of  150  million  gallons  per  day 
{or  from  5I/2  to  3  times  the  daily  average  water 
product  of  the  Calaveras  Beservoir  with  its 
feeder  from  the  adjoining  Alameda  Creek 
watershed)  the  Company  by  using  proper  fore- 
sight and  caution  will  be  able  to  reduce  the 
waste  from  the  Calaveras  Reservoir  to  a  mini- 
mum, even  during  the  severest  rainy  seasons  re- 
corded. 

Meanwhile  the  two  other  proposed  storage 
reservoirs  for  the  Alameda  System,  viz. :  On  the 
Arroyo  Valle  and  on  the  San  Antonio  Creeks 
respectively,  will  be  constructed  of  a  storage  ca- 
pacity of  about  12,500  million  gallons  for    the 
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Arroyo  Valle  Reservoir  with  a  water  surface 
elevation  of  about  800  feet  above  tide  and  of  a 
storage  capacity  of  about  10,500  million  gallons 
for  the  San  Antonio  Creek  Reservoir,  with  a 
water  surface  elevation  of  about  445  feet  above 
tide. 

Regarding  the  proposed  increase  of  the  stor- 
age capacity  of  the  Crystal  Springs  Reservoir 
on  the  Peninsula,  in  my  above  mentioned  affi- 
davit of  June  20,  1908,  filed  in  the  U.  S.  District 
Court,  p.  6,  I  say  on  this  subject : 

"c.  The  Crystal  Springs  of  about  19,300 
million  gallons  capacity,  which,  latter 
capacity,  by  raising  the  dam  twenty  feet, 
can  be  easily  increased  to  about  30,000  mil- 
lion gallons  capacity  and  which  capacity,  by 
adding  a  northerly  concrete  extension  to  the 
present  dam,  and  by  raising  the  entire  struc- 
ture 43  feet  above  its  present  height  of  145 
feet,  the  capacity  of  the  Crystal  Springs 
Reservoir  can  be  increased  up  to  about  45,000 
million  gallons." 

Based  upon  studies  made  by  me  on  the  sub- 
ject during  the  latter  part  of  1911  the  Spring 
Valley  Water  Company  proposes  to  still  further 
increase  the  future  storage  capacity  of  the  Crys- 
tal Springs  Reservoir  by  raising  the  highwater 
line  of  the  Crystal  Springs  Reservoir  to  an  ele- 
vation of  340  feet  above  tide  (instead  of  323 
feet,  as  shown  in  the  above  affidavit),  for  which 
raising,  the  present  dam  is  of  ample  cross  sec- 
tion and  strength,  thereby  increasing  the  stor- 
age capacity  of  the  Crystal  Springs  Reservoir 
to  about  58,000  million  gallons. 

RECAPITULATION  OF  THE  ULTIMATE 
PROPOSED  STORAGE  CAPACITIES  OP 
THE  COMPANY'S  RESERVOIRS. 

By  the  construction  of  the  three  proposed 
storage  reservoirs  on  the  Alameda  Creek  Sys- 
tem, viz. :  The  Calaveras,  Arroyo  Valle  and  San 
Antonio,  and  by  increasing  the  storage  capacity 
of  the  Crystal  Springs  Reservoir  as  above  out- 
lined, the  following  total  joint  storage  capacity 
will  be  created  to  which  the  combined  rimofE 
product  of  the  Alameda  and  Peninsular  Systems 
will  be  made  tributary. 

PROPOSED    STORAGE    CAPACITY    IN    MILLIONS 
OF  GALLONS  (ROUND  FIGURES). 

Alameda  Creek  System —  M.  G. 

Calaveras  Reservoir   53,000 

Arroyo  Valle  12,500 

San  Antonio 10,500 


Crystal  Springs    58,000 

To  which  must  be  added — 

San  Andreas  Reservoir 6,000 

Pilarcitos  "  1,000 

Lake  Merced  Reservoir,  (present  capacity 
2500  million  gallons)  which  can  very 
easily  and  ecori,omically  be  enlarged  by 
raising  the  lake  surface  between  15  and 

20  feet,  to 5,000 

Thus  creating  a  proposed  total  storage 
capacity  of  the  (3  Alameda  and  4  Penin- 
sular)   reservoirs  combined  of 146,000 

If  at  some  time  in  the  future  Lake  Mer- 
ced Reservoir  should  be  eliminated  from  use 
for  domestic  supply  purposes  then  in  that  case 
the  above  proposed  total  storage  capacity  of  the 
remaining  six  reservoirs,  viz:  Calaveras,  Arroyo 
Valle  and  San  Antonio  on  the  Alameda  Creek 
Branch,  and  Crystal  Springs,  San  Andreas  and 
Pilarcitos  on  the  Peninsular  Branch  of  the  en- 
tire United  System  will  be  141,000  million  gal- 
lons, or  in  round  fig-ures  140,000  million  gallons. 

THE  FUTURE  DEVELOPMENT  OF  THE 
PRESENT  AND  PROPOSED  RESOURCES 
OF  THE  SPRING  VALLEY  WATER  COM- 
PANY. 

As  fully  shown  in  the  first  portion  of  this  re- 
port the  future  development  of  the  Company's 
present  and  proposed  resources  will  proceed 
successively  as  the  demand  for  water  increases, 
while  combining  and  operating  all  branches  of 
its  system  as  one  complete  unit,  thus  continuing 
the  same  method  of  operation  as  has  been  em- 
ployed in  the  past. 

For  the  purpose  of  meeting  the  daily  require- 
ments of  San  Francisco  proper,  culminating 
about  the  year  1950,  in  a  minimum  supply  of 
110,000,000  gallons  per  day  from  the  combined 
Peninsular  and  Alameda  Creek  System  alone, 
and  without  the  development  of  the  coast 
streams  or  other  present  or  proposed  resources 
of  the  Spring  Valley  Water  Company,  the  Com- 
pany proposed  at  that  time  to  gradually  develop 
the  Alameda  Branch  of  the  system,  by  succes- 
sively building  storage  reservoirs  at  Calaveras, 
San  Antonio  and  Arroyo  Valle,  by  which  works 
the  resources  of  the  Company's  Alameda  System 
would  have  been  partly  increased. 

The  full  development  of  the  Alameda  System 
would  follow  thereafter  whenever  required,  as 
it  was  then  expected  that  long  before  that 
period  the  complete  ownership  of  the  properties 
and  rights  requisite  for  such  additions  would  be 
vested  in  the  Company. 


> 

o 

2 
Q 

SJ 

r 

>■ 

H 

o 
o 

Q 

> 
TJ 

K 

o 
> 

o 
o 
t> 

H 

O 
2 
w 

o 


tb 


O 
tn 

3 

Q 

<! 

> 

H 

> 

H 

O 
O 
g 

•z 

Kl 

c« 

CO 


-i. 


y- 


^,j»-^>^__ 


^"•Rb^l.'sS 


■>       -\  '   J  fc  .-  &  T.  I-  ?i^  3 

■  "f^  nl-iii'lfii 


>;M5?B 


LSBe 


^  s  ^  t « 

-ill : 


SAN  JOAQUIN  RIVER  FOR  REMOTE   FUTURE. 


95 


The  San  Joaquin  River  as  a 
Future  Addition. 

This  latter  source  which  I  investigated  from 
time  to  time  since  1877  and  early  came  to  the 
conclusion  that  by  using  the  Alameda  System 
with  its  unparalleled  gravel  deposits  acting  as 
natural  filter  systems,  and  with  its  compact  ar- 
tesian and  reservoir  system  lying  just  to  the 
west  of  the  San  Joaquin  Valley,  through  which 
latter  from  four  to  six  months  in  spring  and 
summer  of  each  year  a  vast  amount  of  water 
passes  on  its  way  from  the  melting  snows  of  the 
Sierra  to  the  sea,  the  natural  next  step  of  a  suc- 
cessful water  supply  having'  the  present  Spring 
Valley  System  as  a  basis,  would  be  to  make  the 
floodwaters  of  the  San  Joaquin  River  tributary 
to  the  filter  and  reservoir  systems  of  the  Ala- 
meda Creek  region,  and  to  the  Crystal  Springs 
and  San  Andreas  Reservoirs,  on  the  Peninsula. 

Owing  to  the  subterranean  natural  filtering 
system  of  the  Company  in  both  Livermore  and 
Sunol  Valleys,  and  owing  to  the  facility  with 
which  the  waters  from  the  San  Joaquin  could 
either  be  passed  through  the  natural  filtering 
process  in  Livermore  and  Sunol  Valleys  direct, 
or  passed  partly  through  the  filtration  and  ar- 
tesian process  of  the  Livermore  Valley  and  part- 
ly (with  or  without  the  waters  from  Arroyo 
Valle  Reservoir)  into  the  San  Antonio  Reser- 
voir, and  from  there  to  and  through  the  Com- 
pany's natural  filtering  process  in  operation  in 
Sunol  Valley,  this  proposed  addition  of  the  San 
Joaquin  during  its  freshet  stage,  ofllered  to  the 
owners  of  the  Spring  Valley  Water  Company's 
properties  on  the  Alameda  System  and  on  the 
Peninsula  a  most  effective,  rapid  and  economi- 
cal addition  to  its  works  with  a  supply  capacity 
of  almost  unlimited  extent. 

I  was  aware  of  the  fact  that  at  about  the  point 
VIII  (See  accompanying  Map  A)  selected  by 
me  for  locating  the  main  intake  on  the  San  Joa- 
quin River  (consisting  of  steam  or  electri- 
cally driven  centrifugal  pumps,  lifting  the 
water  from  the  river  into  a  series  of  extensive 
settling  basins  at  an  elevation  of  between  50  and 
60  feet  only,  above  tide)  that  the  river  carried 
the  outflow  or  runoff  from  over  5,000  square 
miles  of  Sierra  Nevada  watershed,  the  main  trib- 
utary snow  water  feeders  of  which  are  the 
San  Joaquin,  the  Merced,  the  Tuolumne  and 
the  Stanislaus  Rivers,  all  known  for  the  large 


amount  of  water  passing  annually  from  the 
snow  covered  portions  of  their  respective  water- 
sheds. 

The  location  (VIII  on  map)  which  I  made 
for  the  main  intake  station  on  the  San  Joaquin, 
being  just  below  the  points  where  the  Tuolumne 
and  Stanislaus  Rivers  join  the  former,  gave 
great  assurance  of  an  ample  water  supply  dur- 
ing the  snow  melting  season^  as  the  great  abund- 
ance of  runoff  water  from  these  four  main 
feeders  would  always  be  a  safeguard  against  a 
short  supply  at  the  point  of  intake. 

Before  proceeding  with  a  description  of  the 
proposed  method  of  developing  the  San  Joaquin 
Branch  of  the  system  and  also  before  touching 
on  the  proposed  preliminary  development  of  the 
Alameda  System,  and  its  ultimate  development 
in  connection  with  the  San  Joaquin  River  as  a 
feeder,  I  shall  quote  from  the  records  of  the 
United  States  Senate  Land  Committee,  before 
which,  on  February  12,  1909,  I  briefly  referred 
to  the  San  Joaquin  River  as  the  nearest  addi- 
tional large  source  of  water  supply  to  be  con- 
nected with  the  present  and  proposed  works  of 
the  Spring  Valley  Water  Company. 

I  shall  here  quote  from  Page  70  et  seq.  of  the 
official  record  of  this  meeting  in  Washington  in 
1909: 

"Hetch  Hetchy  Reservoir  Site.  Hearing  be- 
fore the  Committee  on  Public  Lands,  United 
States  Senate,  on  the  Joint  Resolution  (S.  R. 
123)  to  allow  the  City  and  County  of  San 
Francisco  to  exchange  lands  for  reservoir 
sites  in  Lake  Eleanor  and  Hetch  Hetchy  Val- 
ley, in  Yosemite  National  Park,  and  for  other 
purposes." 

Question  by: — Senator  Smoot:  Is  the  Sac- 
ramento River  feasible? 

Answer  by: — Mr.  Schussler:  Yes,  but  it 
would  be  very  expensive.  You  would  have 
to  go  a  long  way.  But  there  is  one  source 
probably  as  good  as  any,  except  that  the  qual- 
ity has  been  doubted,  and  that  is  the  San 
Joaquin  River.  Now,  the  San  Joaquin  River 
lies  right  to  the  west*  of  part  of  our  head- 
waters on  the  Alameda  Creek  System.  I 
discouraged  our  directors  years  ago  not  to 
make  any  investment  whatsoever  in  the 
Sierra  Nevada,  because  it  was  too  expensive, 
and  because  we  could  get  all  the  water  for 
many  decades  nearer  home;  but  I  have  said 
to  them :  If  you  want  to  increase  your  water 
supply  over  and  above  the  capacity  that  we 
can  develop  the  works,  which  with  the  coast 


♦Misprint,  sliould  be   East. 
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streams  on  the  Pacific  Coast  is  somewhere 
in  the  neighborhood  of  135,000,000  gallons  a 
day, — 

Senator  Smoot:     That  is  the  San  Joaquin? 

Senator  Fulton:  No;  he  says  that  they 
could  develop  from  what  they  have. 

Mr.  Schussler:  I  have  told  them  that  if 
they  wanted  to  go  far  beyond  that,  then  they 
could  go  to  the  San  Joaquin  River,  across 
the  range,  not  far  from  our  easterly  boun- 
dary, and  do  just  the  same  that  the  city  pro- 
poses to  do — pump  the  water  over  Livermore 
Pass  and  run  it  onto  the  Company's  filter  bed 
that  we  have — 1300  acres  of  deep  gravel  beds, 
where  we  now  filter  our  water.* 

Senator  Smoot:  Out  of  the  San  Joaquin, 
how  much  could  you  develop? 

Mr.  Schussler:  One  hundred  and  fifty  mil- 
lion to  200,000,000  gallons  a  day. 

Senator  Newlands:  Would  that  be  less  ex- 
pensive? 

Mr.  Schussler:  Very  much  less;  but  no- 
body could  handle  that  comfortably  unless 
they  had  the  big  filtration  works  that  we 
have. 

Senator  Newlands:  Are  those  filtration 
works  natural   or  artificial? 

Mr.  Schussler:  Natural  filtration  works. 
We  simply  ran  a  tunnel  underneath  this 
prehisitoric  lake  bottom,  which  is  filled  with 
gravel,  and  which  tunnel  we  have  lined  with 
concrete,  and  put  in  a  good  many  thousand 
1%-inch  galvanized  pipes,  and  through  this 
tunnel  we  draw  nowt  14,000,000  gallons  a 
day,  which  we  can  increase  easily  to  80,000,- 
000  or  90,000,000  gallons  a  day. 

Senator     Newlands:       And     the     filterbed 


would  be  adequate  to  all  requirements  for 
the  future? 

Mr.   Schussler:     We  can  filter  150,000,000 
to  200,000,000  gallons  daily."§ 

As  will  be  seen  from  the  above  quotation, 
when  on  the  subject  of  filtering  the  San  Joaquin 
water  I  alluded  solely  to  the  proposed  enlarge- 
ment of  the  filtering  capacity  of  the  present 
Sunol  filterieds,  in  order  not  to  draw  undue  at- 
tention to  the  proposed  extensive  additional  use 
of  the  San  Joaquin  water  in  the  gravel  beds 
and  sinks  of  the  Arroyo  Mocho  and  Arroyo 
Valle,  in  Livermore  Valley,  which  sinks  are 
tributary  to  the  Company's  artesian  belt  near 
Pleasanton,  in  the  westerly  portion  of  Liver- 
more Valley,  and  especially  to  the  land-hold- 
ings on  and  over  this  artesian  belt,  to  which 
the  Spring  Valley  "Water  Company,  since  the 
above  mentioned  meeting  of  the  Senate  Land 
Committee,  on  February  12,  1909,  has  added 
many  thousands  of  acres  of  artesian  and  other 
water-bearing  land. 

For  the  purpose  of  a  clear  understanding  of 
the  proposed  additions  to  the  unit-sytem  of 
the  combined  Peninsular  and  Alameda  Creek 
Works,  I  refer  to  the  map  (A),  herewith, 
which,  together  with  its  many  notes  in  the 
"Legend",  will  give  an  outline  of  the  manner 
of  interlacing  and  interconnecting  of  the  pres- 
ent and  future  works  on  the  Alameda  branches 
of  the  Company's  System,  with  the  proposed 
feeder  from  the  San  Joaquin  above  alluded  to. 


*The  Sunol  Filterbeds. 
tBarly  in  1909. 


§(Through  the  Sunol  Filterbed  System,  when  properly 
enlarged  and  extended  southwesterly  and  provided  "with  a 
sufficient  number  of  lateral  branch  galleries  similar  to  the 
present  ones.) 
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THE  FUTURE  COMBINED  SYSTEM  BEING 
COMPOSED  OF  THE  PENINSULAR,  THE 
ALAMEDA  CREEK  AND  THE  SAN  JOA- 
QUIN RIVER  SYSTEMS. 

A — The  Peninsular  Division. 

My  former  reports  and  testimony,  as  well  as 
my  affidavit  of  June  20th,  1908,  gave  a  large 
amount  of  information  on  the  subject  of  the 
Company's  Peninsular  Works  and  their  pres- 
ent and  future  supply  capacity.  I  shall  there- 
foie  not  go  into  details  and  shall  simply  state 
that  more  than  four  decades  of  actual  use  in 
the  supplying  of  water  to  San  Francisco  has 
demonstrated  that  the  net  average  water-prod- 
uct, over  and  above  evaporation,  from  the  three 
storage  reservoirs  in  San  Mateo  County,  viz. : 
Pilarcitos,  San  Andreas  and  Crystal  Springs, 
is  fully  18,000,000  gallons  per  day,  and  during 
two  consecutive  decades  was  fully  19,500,000 
gallons  per  day,  but  in  all  my  estimates  on  this 
subject  I  have  heretofore  placed  it  at  the  con- 
servative figure  of  only  18,000,000  gallons  per 
day. 

The  above  average  daily  supply  of  19.50  mil- 
lion gallons  per  day  is  derived  from  the  run- 
off from  the  combined  watershed  of  these  three 
Peninsular  Reservoirs  of  about  36  square  miles. 

This  average  net  water  product  of  fully 
19.50  million  gallons  per  day,  when  divided  by 
the  36  square  miles  of  tributary  watershed, 
shows  an  average  daily  net  product  over  and 
above  evaporation  of  fully  543,000  gallons  per 
day  for  each  square  mile  of  tributary  water- 
shed. 

The  above  result  could  have  never  been  ob- 
tained if  it  had  not  been  for  the  three  above 
Peninsular  storage  reservoirs,  of  a  present  total 
capacity  of  nearly  30,000  million  gallons,  which 
are  so  located  in  reference  to  each  other  and 
are  so  thoroughly  interconnected  with  each 
other,  that  the  overflow  from  the  upper  smaller 
one,  Pilarcitos  Reservoir,  discharges  into  the 
San  Andreas,  or  the  Crystal  Springs  Reservoir, 


or  into  both,  and  that  also  the  overflow  from 
the  San  Andreas  Reservoir  runs  into  the  large 
Crystal  Springs  Reservoir. 

Owing  to  the  uncompleted  condition  of  the 
Crystal  Spring  Reservoir,  water  has  had  to  be 
wasted  at  times,  and  may  have  to  be  wasted 
again  during  heavy  winters.  I  have  hereto- 
fore placed  the  average  net  water  yield  of  the 
three  above  reservoirs,  with  their  tributary 
watersheds,  at  only  18,000,000  gallons  per  day, 
although,  with  the  proposed  completion  of  the 
Crystal  Springs  Reservoir,  there  is  no  doubt 
that  waste  therefrom  can  be  practically  elim- 
inated, and  the  average  net  water  yield  from 
the  above  Peninsular  portion  of  the  Spring  Val- 
ley "Water  Company's  system  can  then  be  safely 
placed  at  19,000,000  gallons  per  day  instead. 

A  further  important  feature  in  the  above  net 
supply-result  from  this  combination  of  three 
reservoirs,  in  obtaining  the  average  supply  of 
about  18  million  gallons  per  day  from  the 
same,  has  been  the  fact  of  our  judicious  with- 
drawal from  the  gross  storage  of  water  re- 
quired in  San  Francisco. 

If  it  had  not  been  for  such  carefully  regu- 
lated and  proportioned  average  daily  supply, 
so  withdrawn  from  the  accumulated  storage, 
the  reservoirs  would  have  become  overflUed 
and  the  result  would  have  been  large  waste 
from  the  reservoirs  and  thus  the  above  aver- 
age net  yield  of  about  18  million  gallons  per 
day  could  not  have  been  obtained. 

In  order  to  emphasize  (under  and  with  our 
extremely  variable  climatic  conditions  and  run- 
off results),  the  necessity  of  providing  large  and 
abundant  storage  facilities  for  the  run-off  water 
from  the  combined  watersheds,  and  also  of  pro- 
viding a  most  perfect,  effective  and  ample  sys- 
tem of  conduit-intercommunication  between  the 
various  storage  reservoirs  of  the  system  (by 
both  of  which  measures  the  waste  of  water  from 
the  reservoirs  can  be  reduced  to  a  minimum),  I 
here  give  the  following  table  from  our  records  of 
the  three  reservoirs  on  the  Peninsular  branch  of 
the  company's  system: 
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TABLE  OF  RAINFALL  AND  PERCENTAGE,  WHICH  THE  RUN-OFF  CAUGHT  BEARS  TO  TOTAL  PRE- 
CIPITATION ON  THE  TWO  MAIN  DIVISIONS  OF  THE  PENINSULAR  PORTION  OF  THE  SPRING 
VALLEY  WATER  CO.'S  SYSTEM,  ALSO  GIVING  THE  ACTUAL  QUANTITY  OBTAINED  FROM  THE 
ENTIRE  WATERSHED  OF  ABOUT  36  SQUARE  MILES,  DURING  21  CONSECUTIVE  SEASONS.  (From 
June  1st  to  June  1st.) 

SPRING  VALLEY  WATER  COMPANY'S  PENINSULAR  RESERVOIRS  AND  WATERSHEDS. 


PILARCITOS-SAN  ANDREAS   COMBINED   GROUP 

Tributary  Watershed,  12Vz  sq.  miles  from  1889-90  to  1898-99 
Tributary  Watershed,  13.7  sq.  miles  from  1899-00  to  1909-10 


Season 


Average  sea- 
sonal rainfall    Water  gained 
on  combined     or  net  run-off 
Pilareitos  and  equals  foUow- 
SanAndrePS      ing  percent- 


watersheds 
(in  inches) 


1889-90   73.67 

1890-91   37.69 

1891-92   43.10 

1892-93   58.25 

1893-94  54.90 

1894-95   66.93 

1895-96   49.45 

1896-97   50.47 

1897-98   26.26 

1898-99   42.56 

1899-00   44.72 

1900-01   43.91 

1901-02   40.68 

1902-03   38.00 

1903-04   48.63 

1904-05   44.80 

1905-06   38.51 

1906-07   42.65 

1907-08   28.72 

1908-09   52.27 

1909-10   33.49 


age  of  total 
precipitation 

44.7 
22.8 
13.3 
24.4 
21.8 
25.2 
21.0 
34. 

9.6 

17.7 

37.0 

30.0 

33.3 

49.3 

46.6 

37.50 

36.4 

65.0 

36.36 

49.36 

37.87 


Total  net 
water  supply 
obtained   dur- 
ing season 
from  tributary 
watershed 
Mill.  Gals. 

7,159 

1,869 

1,249 

3,091 

2,604 

3,668 

2,261 

3,736 

548 

1,635 
3,937 
3,138 
3,226 
4,460 
5,399 
3,995 
3,336 
6,604 
2,487 
6,144 
3,020 


CRYSTAL  SPRINGS  GROUP 

Watershed  Prom 

1889-90  to  1898-99  =  23i^  sq.  miles 

1899-00  to  1909-10  =  22>^  sq.  miles 


Seasonal  rain-  Water  gained   Total  water 


fall  on  Crys- 
tal Springs 

watershed 
(in  inches) 

72.68 
31.92 
24.16 
47.07 
33.08 
47.69 
32.62 
35.65 


or  net  run-off 

equals  follow- 
ing %  of  total 
precipitation 


18.17 

30.37 
28.99 
32.96 
30.46 
30.80 
36.98 
36.51 
35.58 
42.58 
26.22 
45.86 
27.93 


53.20 
24.4 
8.0 
34.3 
29.9 
39.6 
16.2 
19.3 

0.0 
(lost  by  evap. 
11.5 
16.0 

7.0 

6.9 
20.5 
35.3 
15.8 
24.1 
37.4 
10.75 
40.12 
12.15 


jained 
from  Crys- 
tal Springs 
watershed 

15,786 
3,183 
780 
6,598 
4,045 
7,722 
2,164 
2,809 
(lost) 
1,490 
1490) 

+1.427 
1,812 
981 
823 
2,469 
5,108 
2,261 
3,356 
6,226 
1,902 
7,185 
1,327 


Total  gain  from 

entire  tributary 

watersheds  of 

about  36  square 

miles  (million 

gallons)  from 

seasons 

June  1st  to 

June   1st ' 

22,945 

5,052 

2,029 

9,689 

6,649 
11,390 

4,425 

6,545 

942 

3,062 

5,749 

4,119 

4,049 

6,929 
10,507 

6,256 

6,692 
12,830 

4,389 
13,329 

4,347 


Totals    73,566  M.  G. 

or 
A  daily  average  of . . .   9,595,000  Gal. 

This  table  shows  the  great  variation  of  the 
seasonal  rainfalls  and  the  excessive  and  most  er- 
ratic variability  of  the  percentage  which  the 
actual  net  run-off  from  a  watershed  bears  to  the 
quantity  of  water  that  fell  as  rain  during  the 
respective  rainy  seasons. 

This  excessive  variation  in  the  net  percent- 
age caught  even  between  two  or  more  seasons 
of  practically  equal  rainfall,  shows  the  great 
difficulty  in  prognosticating  run-off  data  from 
watershed  and  rainfall  data  alone. 

If  on  the  other  hand  run-off  data  of  reliable 
character  are  available  for  a  fairly  long  period 
of  seasons,  then  with  the  aid  of  rainfall  data 
and  a  thorough  knowledge  of  the  varying  char- 
acteristics of  the  watershed,  it  is  possible  to 
approximately  subdivide  and  proportion  the 
total  run-off  into  the  separate  run-off  contribu- 
tions, that  each  of  the  several  main  branches 
of  the  gross  watershed  may  be  expected  to  fur- 
nish. 


Totals  76,474  M.  G.       150,040  M.  G. 

or  or 

A  daily  average  of.  .9,975,000  Gal.  19,570,000  Gal. 

Great  Variability  in  Percentage 
of  Seasonal  Run-off. 

In  examining  the  above  Peninsular  Eainfall 
and  Run-off  Table  it  will  be  found  that  it 
would  have  been  impossible  for  anybody,  un- 
less acquainted  with  the  characteristics  and 
habits  of  the  separate  streams  in  the  various 
subdivisions  of  the  watersheds,  to  determine 
from  a  list  of  former  rainfall  records  alone  as 
to  what  would  have  been  in  the  past,  or  raigEt 
be  in  the  future,  the  net  run-off  from  the 
watershed,  due  to  any  year's  rain  record,  or 
what  would  be  the  average  annual  run-off  for 
a  series  of  years,  of  which  period  rain-records 
only  are  in  evidence,  but  no  run-off  records. 

The  following  table,  which  quotes  several 
years  of  seasonal  rainfall  that  closely  resemble 
each  other  from  the  foregoing  Peninsular  run- 
off table,  shows  the  great  variation  of  the  per- 
centage of  run-off  and  net  quantity  of  water 
produced  from  the  combined  watershed  tribu- 
tary to  Pilareitos  and  San  Andreas  reservoirs: 
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A— PILARCITOS  AND  SAN  ANDREAS  COMBINED. 

Seasonal  Run-off  in  Net  run-off 

Rainfall.  Percents  from 

of  total  Watershed 

Season —            (in  inches.)  Precipitation.  (in  M.  G. ) 

1890-91 37.69  22.8  1,869 

1902-03 38.00  49.3  4,460 

1905-06 38.51  36.4  3,336 

1891-92 43.10  13.3  1,249 

1898-99 42.56  17.7  1,635 

1900-01 43.91  30.00  3,138 

1906-07 42.65  65.0  6,604 

1893-94 54.90  21.8  2,604 

1908-09 52.27  49.36  6,144 

The  following  table  shows  a  still  more  er- 
ratic variation  in  the  percentage  of  seasonal 
quantity  of  run-off  from  the  Crystal  Springs 
watershed.  In  this  table,  as  in  the  other  one, 
several  years  of  similar  seasonal  rainfall  are 
grouped  together: 

B— CRYSTAL  SPRINGS  RESERVOIR. 

Seasonal  Run-off  in  Net  run-off 

Rainfall.  Percents  from 

of  total  Watershed 

Season —            (in  inches.)  Precipitation.  (in  M.  G.) 

1890-91 31.92  24.4  3,183 

1895-96 32.62  16.2  2,164 

1898-99 .'30.37  11.5  1,427 

1900-01 32.96  7.0  981 

1901-02 30.46  6.9  823 

1902-03 30.80  20.5  2,469 

1893-94 33.08  29.9  4,045 

1896-97 35.65  19.3  2,809 

1903-04 36.98  35.3  5,109 

1904-05 36.51  15.8  2,261 

1905-06 35.58  24.1  3,356 

The  above  tables  A  and  B  show  that  even 
in  an  ideal  watershed  regarding  location, 
topography,  rainfall,  etc.,  as  that  of  the  Com- 
pany's Peninsular  division  and  with  practi- 
cally equal  seasonal  rainfalls  grouped  together, 
the  percentage  of  run-off  in  the  different  sea- 
sons of  a  group  varies  in  some  instances  in 
the  proportion  of  more  than  one  to  three. 

These  tables  are  very  instructive,  in  that 
they  not  only  give  the  practical  net  run-off 
results  for  a  long  series  of  years  from  a  region 
of  good  rainfall,  precipitous  and  wooded  water- 
shed and  provided  with  good  reservoir  facil- 
ities, but  also  show  that  although  rainfall, 
watershed  and  reservoir  conditions  are  very 
favorable,  still  the  run-off  conditions  are  ex- 
cessively variable. 

As  prior  to  actively  entering  upon  the  Ala- 
meda project  our  Company  had  become  gen- 
erally familiar  with  the  fact  that  rainfall  con- 
ditions there  as  well  as  the  erratic  action  of 
many  of  the  streams  indicated  a  still  greater 
variability  than  on  the  Peninsula  in  the  pros- 
pective run-off  result,  it  entered  upon  the  new 


enterprise  with  its  eyes  open,  but  fully  con- 
vinced that,  although  not  expecting  a  yield 
like  the  average  net  result  of  its  Peninsular 
works  of  fully  half  a  million  gallons  per  day 
per  square  mile  of  watershed,  the  extensive 
properties  planned  for  the  Alameda  System 
could  by  proper  works  be  made  to  yield  per 
day  per  square  mile  of  watershed  between  30 
and  50  per  cent  of  the  average  daily  yield  per 
square  mile  of  its  Peninsular  watershed  and 
works. 

Average  Daily  Net  Run-off  from 
Peninsular  System. 

During  the  first  decades  of  the  Company's 
existence  the  net  run-off  from  the  Peninsular 
watershed,  including  Crystal  Springs,  had  been 
placed  in  round  figures  at  fully  500,000  gallons 
per  day  per  square  mile  of  watershed. 

The  above  Peninsular  run-off  tables  show  the 
total  average  daily  net  product  of  the  entire 
watershed  of  about  36  square  miles  for  the 
above  21-year  period  as  tabulated  to  have  been 
19.57 
^543,000  gallons  per  day  per  square  mile 

36  of  watershed. 
It  furthermore  shows  that  the  average  net 
run-off  from  the  Crystal  Springs  watershed  alone 
of  an  average  area  (during  the  above  period) 
of  about  23  square  miles  was: 
9.97 
^433,000  gallons  per  day  per  square  mile 

23  of  watershed. 

The  table  finally  shows  that  the  average  net 
run-off  from  the  combined  Pilarcitos-San  An- 
dreas watersheds  of  an  area  varying  during  this 
period  from  12.50  to  13.70  square  miles,  or  aver- 
aging, say,  13.10  square  miles,  was 

9.59 

^732,000  gallons  per  day  per  square  mile 

13.1  of  watershed. 

It  was  next  to  impossible  to  keep  a  separate 
run-off  record  between  the  water  products  of 
Pilarcitos  and  San  Andreas  Reservoirs,  but  from 
observation  in  the  past,  and  considering  the 
heavier  rainfall  on  the  higher,  steeper,  better 
wooded  and  less  absorptive  Pilarcitos  portion 
of  the  combined  Pilarcitos-San  Andreas  water- 
shed, it  was  evident  that  the  net  average  pro- 
duct from  the  former,  per  square  mile  of  water- 
shed per  day,  was  fully  double  that  of  the 
latter. 
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As  the  direct  watershed  tributary  to  the 
Pilareitos  Reservoir,  including  say  50%  of  the 
watershed  tributary  to  the  side-flume,  repre- 
sents about  4.7  square  miles  out  of  the  average 
area  of  about  13.1  square  miles  tributary  to 
both  reservoirs  combined  (during  the  above 
period  shown  in  the  table),  it  will  not  be  very 
far  from  the  fact  to  estimate  that  the  4.7  Pilar- 
eitos square  miles  contributed  about  1,100,000 
gallons  per  day  per  square  mile,  or  an  average 
total  of  about  5,170,000  gallons  per  day,  while 
the  remaining  8.4  square  miles  of  watershed 
(tributary  to  San  Andreas  Reservoir)  probably 
contributed  at  the  rate  of  about  525,000  gal- 
lons per  day  per  square  mile  of  watershed,  or 
at  an  average  of  about  4,410,000  gallons  per 
day. 

By  adding  together  these  two  average  net 
daily  contributions  from  the  Pilareitos  and  San 
Andreas  regions  we  have  from  Pilareitos 
5,170,000  gallons  per  day  and  from  San  An- 
dreas 4,410,000  gallons  per  day,  making  a 
total  of  9,580,000  gallons  per  day,  which  result 
is  very  close  to  the  average  net  water  yield 
derived  from  the  above  run-off  table  of 
9,595,000  gallons  per  day  from  the  combined 
watershed  of  Pilareitos  and  San  Andres  of  a 
total  average  area  during  the  above  21-year 
period  of  about  13.10  square  miles. 

The  following  is  a  recapitulation  of  the 
above  run-off  results  from  the  three  separate 
divisions,  as  well  as  from  the  gross  area  of  the 
entire  Peninsular  watershed  of  about  36  square 
miles : 

Approximate  Average  daily  Average  daily 

area  of  net  water  net  water 

watershed               yield  yield  per 

(in  Square              (Round  square  mile 

Miles.)  Figures.)  of  watershed. 
Prom — 

Pilareitos    4.7  5,170,000  1,100,000 

San  Andreas 8.4  4,410,000  525,000 

Crystal  Springs..   23.  9,970,000  433,000 

From  entire  water- 
shed of  the  three 
above  reservoirs 
combined 36.1  19,550,000*  543,000 

This  shows  that  where  the  average  daily  net 
product  from  the  entire  combined  watershed 
of  36  square  miles  is  about  543,000  gallons  per 
daj'  per  square  mile  of  watershed,  the  Pilar- 
eitos region,  which  is  most  favorably  situated 
from  a  geographical,  topographical  and  hydro- 


•Above  main  run-off  table  shows  19,570,000  gallons  per 
day  (see  page  98i),  which  difference  results  from  not  hav- 
ing rounded  off  the  figures  in  that  table. 


graphical  point  of  view,  produces  a  water  yield 
per  square  mile  of  watershed  of  about  1,100.000 
gallons  per  day,  or  fully  double  the  average 
product  over  the  entire  watershed;  the  San 
Andreas  division,  which  comes  next  in  regard 
to  favorable  location,  produces  about  96.50% 
of  the  average  daily  product  of  the  entire 
watershed;  and  finally,  the  Crystal  Springs  di- 
vision, which  is  the  least  favored  portion  from 
the  three  above  viewpoints,  produces  about 
80%  of  the  above  average  net  yield  of  543,000 
gallons  per  day  per  square  mile  from  the  en- 
tire tributary  Peninsular  watershed  of  about 
36  square  miles. 

The  observations  and  experiences  of  the  past, 
although  not  as  fully  crystallized  then  as  they 
are  at  the  present  time  (owing  to  shorter 
periods  of  observation  and  to  greater  scarcity 
of  data),  were  still  of  inestimable  value  to  the 
Spring  Valley  Water  Works  and  its  successor 
the  Spring  Valley  Water  Company  in  accumu- 
lating knowledge  and  ripening  its  judgment,  so 
as  to  properly  guide  them  in  making  remark- 
ably accurate  forecasts  in  the  now  distant  past, 
as  to  the  probable  net  water  yield  that  might 
and  could  be  expected  from  properties  that 
were  largely  in  the  natural  path  of  future  water 
development  for  the  Company  as  well  as  for 
the  City  of  San  Francisco. 

The  two  most  prominent  water  producing 
properties  which  owing  to  their  comparative 
proximity  to  the  Company's  Peninsular  basis 
of  its  water  works  naturally  received  the  first 
attention,  were  the  coast  streams  on  the  Pacific 
slope  of  the  Peninsula  on  the  one  hand  and  the 
magnificent  Alameda  Creek  System  on  the  east 
side  of  the  bay  on  the  other. 

The  coast  streams  are  separated  from  the 
Company's  Peninsular  Reservoir  System,  as 
then  proposed  and  since  inaugurated,  by  the 
Coast  Range  only,  but  as  the  points  from  which 
the  water  of  the  two  main  coast  streams,  the 
Pescadero  and  San  Gf'regorio  Creeks,  were  to 
be  taken,  were  found  to  be  of  sufficient  eleva- 
tion to  carry  a  large  portion  of  the  storm  waters 
of  these  streams  into  the  Crystal  Springs  Reser- 
voir, steps  were  taken  by  the  Spring  Valley 
Water  Works,  and  thereafter  by  its  successor, 
the  Spring  Valley  Water  Company,  to  secure 
property  at  strategical  points  on  one  and  water 
rights  on  both  of  the  streams. 


ALAMEDA  SYSTEM  TO  BE  DEVELOPED  FIRST. 
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Inauguration  of  the  Alameda 
Creek  System. 

Studies,  observations,  computations  and  oc- 
casional preliminary  surveys  regarding  both 
these  important  future  sources  for  the  city's 
supply,  viz.:  the  coast  streams  and  the  Ala- 
meda Creek  System,  were  inaugurated  by  me 
in  the  late  fall  of  1865,  and  were  carried  on 
with  more  or  less  interruptions  until  about  the 
year  1875,  when,  after  and  upon  my  urgent  re- 
peated advice  to  the  Company  during  the  pre- 
vious decade,  it  was  decided  to  acquire  a  sub- 
stantial foothold  on  the  Alameda  System  first, 
leaving  the  coast  streams  for  some  future  day. 

During  1875  the  Water  Company  acquired 
the  key  to  the  hydrographic  situation  on  the 
Alameda  Creek  System  by  purchasing  extens- 
ive water  rights  on  the  same,  as  well  as  prop- 
erty at  the  mouth  of  Niles  Canyon  and  at  the 
proposed  Calaveras  Dam  and  Eeservoir  site; 
the  former,  the  Vallejo  Mills  water  right  being 
one  of  the  olde.st  rights  in  California  and  the 
key  to  the  Alameda  Creek  system.  The  great 
importance  of  acquiring  and  maintaining  the 
integrity  of  this  strategic  point  cannot  be  over- 
estimated. 

Subsequently  more  water  rights  and  prop- 
erties were  purchased  on  the  latter  system,  en- 
abling the  Company,  during  1887  and  1888,  to 
construct  its  original  Alameda  Creek  works. 

Thereafter,  and  particularly  during  the  last 
years  of  the  past  century  and  the  first  years  of 
the  present  one,  large  additional  properties  and 
rights  were  acquired  by  the  Company  and  the 
water  yield  from  the  system  was  considerably 
enlarged  by  constructing  new  works,  particu- 
larly designed  for  the  development  on  its  prop- 
erties and  transportation  to  San  Francisco  of 
subterranean  water. 

In  the  latter  part  of  the  decade  just  past  and 
up  to  the  present  time  the  Company  has  still 
further  added  to  its  extensive  holdings  on  the 
Alameda  System,  based  upon  thorough  hydro- 
graphic  and  other  studies  and  has  also  made 
additions  to  its  water  rights  there.  It  also,  by 
the  construction  of  works,  has  increased  the 
water  output  from  its  subterranean  sources  on 
the  Alameda  System,  from  about  14,000.000  gal- 
lons per  day  in  or  about  1908,  to  nearly  17,- 
000,000  gallons  per  day  in  1909-10  and  there- 
after. 


It  goes  without  saying  that  during  this  long 
period,  dating  from  the  first  inception  of  the 
Alameda  Creek  plan  in  1865,  until  the  present 
time,  and  particularly  since  the  first  important 
-foothold  was  acquired  by  the  Company  on  the 
Alameda  Creek,  in  1875,  I  devoted  a  great 
amount  of  study  to  that  system  in  order  to  as- 
certain not  only  the  possibilities  of  surface 
water  storage,  but  also  for  the  proposed  devel- 
opment of  the  subterranean  sources  that  were 
strongly  in  evidence  in  portions  of  this  system. 

The  main  object  of  these  studies,  observa- 
tions and  computations  was  to  ascertain  what 
might  be  the  ultimate  practical  development 
that  this  magnificent  system,  if  properly  owned 
and  controlled,  could  be  expected  to  yield,  if 
brought  into  intimate  connection  with  the  Com- 
pany 's  Peninsular  System,  as  proposed. 

I  have  here  gone  into  a  portion  of  the  past 
history  of  the  present  Alameda  Creek  System  in 
order  to  show  that  when  the  time  had  come, 
about  the  middle  of  the  eighties  (in  the  past 
century),  that,  owing  to  the  City's  rapidly  grow- 
ing consumption,  it  had  become  imperative  that 
not  only  must  the  main  Crystal  Springs  Reser- 
voir be  started  at  once  so  as  to  add  to  the 
Company's  Peninsular  supply,  by  stopping  the 
waste  from  the  Peninsular  watershed,  but  also 
must  the  water  supply  be  increased  by  connect- 
ing with  these  reservoirs  additional  outside 
sources  as  direct  or  indirect  feeders. 

As  before  stated,  the  two  main  sources  of 
consequence  that  offered  themselves  were  the 
'coast  streams,  Pescadero  and  San  Gregorio,  on 
the  one  hand  and  the  Alameda  Creek  System 
on  the  other. 

The  Company  Decides  to  Develop 
Alameda  Creek  System 
Prior  to  Coast  Systems. 

Upon  being  asked  by  the  Board  of  Directors 
of  the  Company  which  one  of  the  two  sources 
in  my  opinion  could  be  connected  with  our 
Peninsular  Reservoir  System  in  the  shortest 
space  of  time,  I  naturally  decided  in  favor  of 
the  Alameda  System,  as  the  construction  of 
the  long  tunnel  through  the  Coast  Range,  and 
of  other  works,  would  consume  a  number  of 
years  and  make  the  much-needed  help  come 
too  late,  while,  on  the  other  hand,  on  the  Ala- 
meda System,  the  main  strategic  keys,  includ- 
ing water  rights,  had  been  purchased  fully  ten 
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years  previously ;  and  secondly  and  mainly,  as 
my  studies  of  this  magnificent  system  for  the 
then  past  period  of  over  twent  consecutive  years 
had  full  yimpressed  the  Company,  not  only  vs^ith 
the  vast  development  possibilities  of  the  Ala- 
meda System  proper,  but  also  with  the  absolute 
and  positive  conviction  that  if  or  whenever  in 
the  then  far  distant  future  the  proposed  future 
unit  system  of  the  Company,  consisting  of  the 
Peninsular  and  Alameda  divisions  combined 
with  the  coast  streams,  should  require  enlarge- 
ment of  its  resources  in  order  to  increase, 
equalize,  compensate  and  safeguard  San  Fran- 
cisco's growing  water  supply,  that  the  Ala- 
meda System  would  form  the  only  and  abso- 
lutely necessary  conecting  link  between  the 
Peninsular  division  and  such  future  additional 
feeders  as  would  be  brought  from  the  well- 
watered  region  immediately  east  of  Livermore 
Pass. 

The  present  unique  position  of  the  Spring 
Valley  Water  Company  on  the  Alameda  Creek 
System  is  the  outcome  of  the  wise  and  prompt 
action  of  the  Company's  Directors  at  that  time 
and  ever  since  in  inaugurating  the  construc- 
tion of  the  Alameda  System  at  that  time  (now 
about  a  quarter  of  a  century  ago)  and  in  con- 
tinuing, ever  since  and  until  this  day,  to  ex- 
tend its  now  vast  holdings  of  land  and  rights 
on  this  system,  as  well  as  the  works  thereon. 

After  this  digression,  I  shall  now  return  to 
the  question  of  the  coast  streams,  considered 
as  future  feeders  to  the  Peninsular  portion  of 
the  Company's  works. 

THE  COAST  STREAMS. 
Considered  as  Future  Feeders  to  the  Crys- 
tal   Springs    Reservoir,    and    Thereby 
Becoming  a  Subdivision  of  the  Future 
Water   Supply   System   of   San   Fran- 
cisco. 
The  original  plan  for  developing  the  south- 
erly group   of  coast  streams,  viz.:    the  Pesca- 
dero  and  San  Gregorio  Creeks,  so  as  to  act  as 
gravitation  feeders  to  the  Crystal  Springs  Res- 
ervoir,  included   a  proposed  reservoir  in  the 
valley  of  the  San  Francisquito  Creek,  located 
between  the  Coast  Range  and  the  bay. 

The  construction  of  this  reservoir  was  be- 
gun and  the  dam  was  partly  finished  to  a 
height  of  about  sixty  feet,  thus  complying  with 
a  clause  in  a  contract  for  the  principal  water 
rights  requisite  on  the  latter  creek. 


This  partly  finished  structure  was  named  the 
"Portola  Reservoir." 

Subsequently,  for  a  number  of  reasons,  I 
have  again  taken  up  a  former  plan  of  mine, 
which  proposed  a  combination  of  gravitation, 
storage  and  pumping,  for  the  purpose  of  in- 
creasing the  water  output  which  would  have 
been  obtainable  from  the  two  coast  streams, 
by  the  adoption  of  the  original  gravitation 
plan  mentioned  above. 

Although  various  reports  on  the  coast  streams 
made  from  time  to  time  by  engineers  in  the  em- 
ploy of  the  City  practically  admitted  that 
the  ownership  of  the  Crystal  Springs  Reser- 
voir controlled  the  future  proper  development 
of  the  Pescadero  and  San  Gregorio  creeks  on 
account  of  the  absence  on  either  of  the  two 
creeks  of  suitable  storage  reservoir  sites,  I 
succeeded,  in  1893-4,  in  finding  a  first  class 
dam  and  reservoir  site  in  the  valley  of  the 
Pescadero  Creek  at  an  elevation  where  the 
bed  of  the  creek  was  about  one  hundred  feet 
above  tide. 

Col.  G.  H.  Mendell  of  the  United  States 
Engineer  Corps,  who  during  1876-7  was  em- 
ployed by  the  City  authorities  to  investigate 
the  water  situation  of  San  Francisco,  states  on 
the  subject  of  these  coast  streams,  in  his  re- 
port of  August  6th,  1877,  to  the  Water  Com- 
mittee (consisting  of  the  Mayor,  Auditor  and 
District  Attorney),  on  pages  826-827: 

"The  rapid  fall  of  the  country  permits  no 
reservoir  site  of  any  value.  The  storage  res- 
ervoir must  be  in  the  Crystal  Springs  Valley. 
We  have  already  seen  how  prominent  a  feat- 
ure the  reservoir  system  is  in  any  discussion 
of  the  production  and  utilization  of  water. 
The  reservoir  sites  are  the  strategic  points 
of  the  Peninsula,  and  the  Spring  Valley 
Water  Company  is  entrenched  upon  them. 
This  consideration  makes  the  supply  of  the 
western  slope,  if  it  is  at  all  considerable, 
necessarily  an  adjunct  and  feeder  of  the 
Spring  Valley  System." 

In  1893,  when  I  first  discovered  this  Pesca- 
dero storage  reservoir  site,  I  contemplated,  as 
I  then  reported  to  the  Directors  of  the  Com- 
pany, a  storage  reservoir  of  only  about  10,000 
million  gallons  capacity. 

Subsequent  investigations  showed  me  that 
a  masonry  dam  could  be  constructed  on  that 
site  of  a  much  greater  height  than  originally 
contemplated,  so  that  a  dam  of  a  height  of  about 
250  feet  above  the  creek  bed  would  create  a  res- 
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ervoir  which  would  hold  probably  about  25,000 
million  gallons.  This  was  an  approximate  esti- 
mate, made  without  the  aid  of  a  survey  of  the 
site. 

The  Company,  besides  purchasing  the  rocky 
cliff  which  will  form  the  northerly  abutment 
of  the  proposed  dam,  succeeded  during  sub- 
sequent years  in  purchasing  an  almost  continu- 
ous chain  of  water  rights  along  both  sides  of 
Pescadero  Creek  and  from  near  the  above  pro- 
posed damsite  down  to  the  Pacific  Ocean. 

The  location,  from  where  the  Pescadero- 
Crystal  Springs  gravitation  aqueduct  will  start 
on  the  Pescadero  Creek,  was  purchased  as 
early  as  1886-1887,  thus  establishing  the  Com- 
pany at  these  two  important  points  on  the 
system.  Vigorous  development  of  this  produc- 
tive and  nearby  system  may  be  undertaken  at 
any  time. 

As  the  Company,  at  the  time  when  my  report 
of  September,  1903,  was  written,  as  well 
as  at  the  time  of  my  affidavit  of  June  20th, 
1908,  owned  but  a  comparatively  small  portion 
of  its  present  artesian  land  holdings  in  Liver- 
more  Valley,  I  did  not  include  in  the  above 
consumption-and-supply  diagram  of  1908  any 
additional  water  that  might  have  been  ob- 
tained from  the  extei^sive  subterranean  sources 
in  Livermore  Valley,  but,  instead,  from  and 
after  the  year  1935,  I  show  on  the  diagram 
that  the  water  supply  capacity  of  the  Com- 
pany's works  from  and  after  1935  are  "to  be 
further  increased  to  110  million  gallons  daily 
and  over  from  other  Spring  Valley  Water  Com- 
pany's sources."  Chief  amongst  these  proposed 
"other  sources"  to  be  added  as  direct  feeders 
to  the  Company's  Peninsular  System  was  the 
contemplated  development  of  the  "coast 
streams,"  notably  the  Pescadero  and  San 
Gregorio  creeks,  to  fully  50  million  gallons 
per  day. 

As  heretofore  shown  in  the  table  recapitu- 
lating the  net  water  products  from  the  three 
separate  subdivisions  of  the  Company's  Penin- 
sular Eeservoir  System,  with  its  36  square 
miles  of  tributary  watershed,  the  Pilarcitos 
portion  of  the  same  furnishes  an  average  net 
run-off  in  round  figures  of  about  1,100,000  gal- 
lons per  day  per  square  mile  of  watershed. 

The  watershed  tributary  to  the  proposed 
coast  stream  works,  if  only  the  gravitation 
branch  from  the  Pescadero  and  San  Gregorio 


to  Crystal  Springs  Reservoir  were  developed, 
would  in  round  figures  be  41  square  miles. 

If,  on  the  other  hand,  the  proposed  large 
storage  reservoir  on  the  down  stream  portion 
of  the  Pescadero  is  added  to  the  above  gravi- 
tation scheme  as  contemplated,  the  watershed 
will  be  increased  by  about  19  additional  square 
miles,  making  the  total  tributary  watershed 
equal  to  about  60  square  miles. 

The  water,  which  during  severe  storms  in  the 
rainy  season  (after  filling  the  gravitation 
aqueduct  leading  to  Crystal  Springs  Reservoir) 
would  overflow  over  the  two  respective  diverting 
dams  on  the  Pescadero  and  San  Gregorio,  would 
find  its  way  into  and  would  be  accumulated  in  the 
large  proposed  storage  reservoir  on  the  Pesca- 
dero Creek  (see  map),  the  overflow  water  from 
the  latter  creek  finding  its  way  into  the  stor- 
age reservoir  by  running  along  the  natural  bed 
of  the  stream,  while  the  overflow  water  from 
the  San  Gregorio  would  be  conducted  into  the 
reservoir  by  a  tunnel,  about  1%  miles  in 
length.    (49  on  map.) 

In  the  above  mentioned  table,  which  gives 
the  rainfall,  etc.,  of  the  Peninsular  works  dur- 
ing the  seasons  from  1889-90  to  1909-10,  the 
average  rainfall  given  in  the  second  column 
states  the  combined  or  average  rainfall  on  the 
Pilarcitos  and  San  Andreas  divisions. 

A  separate  rainfall  table  for  Pilarcitos  alone 
is  shown  in  the  table  here  following,  for  fif- 
teen consecutive  seasons  (out  of  the  above  21), 
while  at  the  same  time  giving  the  rainfall  rec- 
ord kept  on  the  Pescadero  watershed  during 
the  same  15-year  period: 

Seasonal  Seasonal 

rainfall  at  rainfall  at 

Pilarcitos     Pescadero  Creek 
Season^  (in  inches).        (in  inches). 

1889-90 72.09  93.67 

1890-91 39.02  46.71 

1891-92 52.76  40.76 

1892-93 67.00  72.83 

1893-94 67.87  49.94 

1894-95 76.10  68.94 

1895-96 56.34  54.72 

1896-97 58.57  63.13 

1897-98 31.16  24.35 

1898-99 51.48  42.53 

1899-00 52.75  47.73 

1900-01 52.28  52.20 

1901-02 48.54  45.50 

1902-03 39.47  48.47 

1903-04 56.86  55.88 

Average  per  season 54.80  53.80 

Pilarcitos    Pescadero 

Judging  from  the  above  rain  records  and  all 

other    conditions    combined    surrounding    the 

region  of  these  two  coast  streams,  it  has  been 

found  that  they  are  practically  analogous  with 
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the  conditions  prevailing  at  Pilarcitos. 

As  shown  in  the  last  rainfall  table,  the  aver- 
age rainfall  conditions  during  the  continuous 
15-year  period  quoted  are  practically  the  same 
on  the  coast  streams  as  at  Pilarcitos,  the  aver- 
age seasonal  rainfall  in  the  former  being  53.80 
inches  to  54.80  inches  in  the  latter. 

The  topographical  features  of  the  coast 
stream  watersheds  are  similar  to  that  of  Pilar- 
citos, with  the  difference  that  the  average 
steepness  of  the  mountain  slopes  is  greater  in 
the  former  than  in  the  latter,  thus  expediting 
the  run-off  during  storms. 

The  coast  stream  watershed  is  forest-covered 
to  a  somewhat  greater  degree  than  that  of 
Pilarcitos,  especially  that  on  the  Pescadero 
portion. 

Stream  gagings  on  the  Pescadero  Creek  at 
a  point  where  the  tributary  watershed  is  about 
16  square  miles  in  area,  were  carried  on  by 
the  Company  with  the  following  results,  and 
as  a  matter  of  comparison  I  shall  place  along- 
side of  these  Pescadero  run-off  results  the  net 
water  product  gained  for  the  corresponding 
seasons  from  the  13.7  square  miles  of  com- 
bined Pilarcitos  and  San  Andreas  watersheds 
(see  main  table) : 

Run-off  from  16    Net  run-off  from  13.7 
square  miles  of        square  miles  (dur- 
Pescadero  ing  this  period) 

watershed,  of  Pilarcitos  and 

San  lAndreas 
watersheds 
(M.  G.  combined. 

Season —  round  figures.)  (M.  G.) 

1899-00 2,650  3,937 

1900-01 9,180  3,138 

1901-02 5,650  3,226 

1902-03 4,500  4,460 

1903-04 9,740  5,399 

1904-05 7,390  3,995 

Totals  39,110  24,155 

Annual  average  6,518  4,025 

Daily  average  17.85  11.02 
Daily     product 

per    sq.    mile 

of  watershed  1,115,000  804,000 

As  heretofore  shown,  the  average  product 
per  square  mile  of  watershed  for  a  period  of 
21  years,  from  the  combined  watersheds  of 
Pilarcitos  and  San  Andreas,  was  732,000  gal- 
lons per  day.  For  the  above  six  seasons 
(shown  in  last  table)  the  average  daily  run- 
off per  square  mile  of  Pilarcitos-San  An- 
dreas watershed  was  804,000  gallons.  In  other 
words,  the  average  product  per  square  mile 
per  day  of  the  above  21  seasons  is  equal  to 
about    91    per    cent,    of    the    average    water 


product  per  square  mile  per  day  for  the  six 
seasons. 

It  is  therefore  fair  to  presume  that  the  av- 
erage run-off  during  the  same  21-year  period 
from  the  above  Pescadero  watershed  would 
have  also  been  about  9  or  10  per  cent,  less 
than  it  was  during  the  6-year  period  from 
1899-1900  to  1904-1905. 

Ninety  per  cent,  of  1,115,000  per  square  mile 
per  day  would  be  1,003,500,  or  in  round  figures 
1,000,000  gallons  per  day  per  square  mile  of 
watershed,  which  will  represent  the  average 
daily  run-off  from  the  watershed  of  about  60 
square  miles  of  Pescadero  and  San  Gregorio 
combined. 

Even  allowing  a  10  per  cent,  reduction  from 
this  average  gross  result  for  loss  by  occasional 
waste  at  San  Gregorio  and  evaporation  com- 
bined, which  latter,  owing  to  the  nearness  of 
the  ocean  and  the  practical  absence  of  winds 
from  the  sheltered  main  reservoir  location,  will 
be  comparatively  light,  we  have  900,000  gal- 
lons average  daily  net  product  per  square  mile 
of  combined  watershed  of  an  area  of  about  60 
square  miles. 

This  represents  an  average  net  product,  that 
can  be  developed  on  the  combined  Pescadero 
and  San  Gregorio  properties  under  the  plans 
hereinabove  outlined,  of  54,000,000  gallons  per 
day,*  which  net  daily  supply  in  my  estimates 
I  have  rounded  off  to  the  conservative  figure 
of  50,000,000  gallons  per  day. 

BRIEF  OUTLINE  OF  THE  PROPOSED 
COAST  STREAM  WORKS. 

In  order  to  develop  in  the  coast  stream 
project  an  average  net  water  supply  of  fully 
50,000,000  gallons  per  day  a  concrete  lined 
gravitation  aqueduct  (shown  on  accompany- 
ing map  A  by  aqueduct  numbered  47-46-45-44- 
43  with  arrows  pointing  northwardly)  will  be 
constructed  of  a  capacity  of,  say,  not  less  than 
100  million  gallons  per  day,  which  aqueduct, 
except  during  and  for  some  time  after  heavy 
freshets,  will  transport  by  gravitation  all  the 
run-off  from  both  streams  and  their  tributaries, 
into  the  Crystal  Springs  Reservoir. 

The  overflow  water,  that  is,  the  water  that 


*A  gaging  station  was  established  on  the  upper  Pesca- 
dero Creek  in  1886  and  stream  measurements  were  made 
continuously  from  1886  until  1906,  which  were  confirmatory 
of  the  productivity  as  herein  shown  for  the  "Coast-Stream 
Division".  Unfortunately  these  records  were  destroyed 
in  the  fire  of  1906,  except  for  the  six  seasons  from  1899- 
1900  to  1904-5. 
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during  and  following  severe  storms  cannot  be 
carried  away  by  the  aqueduct,  will  be  stored  in 
the  main  Pescadero  Reservoir  (XXVI  on  map) 
into  which  the  overflow  water  from  the  San 
Gregorio  will  also  be  brought  (as  above  stated) 
by  a  concrete  lined  tunnel  about  1%  miles  in 
length  (49-49a)  having  a  carrying  capacity 
from  the  lower  diverting  dam  (49)  on  the  San 
Gregorio,  to  and  into  the  Pescadero  main  stor- 
age reservoir,  of,  say,  100,000,000  gallons  per 
day. 

The  proposed  main  Pescadero  storage  reser- 
voir, as  stated  above,  will  be  formed  by  a 
substantial  masonry  or  rather  concrete  dam. 
built  in  the  narrow  rocky  gorge  of  the  valley, 
located  about  six  miles  above  the  mouth  of  the 
creek. 

No  special  survey  has  as  yet  been  made  of 
this  reservoir  and  its  probable  storage  capacity. 

The  United  States  contour  maps  of  this 
region,  however,  which  were  published  a  num- 
ber of  years  after  I  made  the  location  of  the 
reservoir  in  1893,  give  a  very  fair  idea  of  the 
approximate  storage  that  may  be  obtained. 
Approximate  estimates  made  therefrom  indi- 
cate that  for  a  dam  of  a  height  of  about 
250  feet  above  the  creek-bed  a  storage  capac- 
ity of  about  25,000  million  gallons  may  prob- 
ably be  obtained. 

It  is  therefore  evident  that,  based  upon  the 
United  States  Geological  charts  of  this  region, 
there  is  ample  storage  capacity  available  in 
the  coast  stream  project,  so  that  between  di- 
rect gravitation  transportation  into  the  Crystal 
Springs  on  the  one  hand  and  storage  of  the 
overflow  freshet  waters  on  the  other,  coupled 
with  a  properly  designed  and  constructed 
pumping  plant  (XXVII  on  map)  to  deliver, 
when  required,  Pescadero  storage  water  (via 
the  pumping  conduit,  50-50)  into  the  gravita- 
tion aqueduct  (45),  thus  sending  towards  and 
into  the  Crystal  Springs  enlarged  reservoir  an 
average  net  supply  in  excess  of  50,000,000  gal- 
lons per  day  which  can  be  depended  upon  from 
the  coast  stream  division  if  developed  and  oper- 
ated as  above  outlined. 

By  adding  the  above  net  water  product  of 
the  proposed  coast  stream  division  of  fully  50 
million  gallons  per  day  to  that  of  the  original 
Peninsular  Reservoir  Division,  of  fully  19  mil- 
lion gallons  per  day,  which  latter  comprises 
the  net  product  of  Pilarcitos,  San  Andreas  and 


Crystal  Springs  Reservoir  combined  from  the 
present  watershed  area  of  36  square  miles,  and 
being  exclusive  of  the  average  net  product  of 
fully  3  million  gallons  per  day  from  Lake  Mer- 
ced, we  have  a  total  net  average  product  to 
which  the  Peninsular  Division,  including  the 
coast  stream  division,  can  be  developed  of 
about  or  in  excess  of  70  million  gallons  per 
day. 

The  Alameda  Creek  Division  of  the 
Spring  Valley  Water  Company's 
Supply  System. 

In  the  foregoing  portion  of  this  report  the 
proposed  development  of  the  Alameda  Division 
of  the  Company's  water  supply  system  has 
been  alluded  to  from  time  to  time  and  a  list 
of  the  contemplated  storage  capacities  of  the 
three  proposed  storage  reservoirs  in  this  divi- 
sion, the  Calaveras,  Arroyo  Valle  and  San  An- 
tonio, has  been  given. 

Regarding  the  question  of  the  water  supply 
that  can  be  developed  on  the  Alameda  Creek 
Division  of  the  Company's  System,  I  stated  in 
my  "Review"  of  January  22d,  1912: 

"In  my  reports  in  the  past,  both  oral  and 
written,  I  have  maintained  that  the  average 
net  daily  water  yield  per  square  mile  of 
watershed  of  the  Alameda  System  would  fall 
considerably  below  that  of  the  San  Francisco 
Peninsular  watersheds  above  mentioned;  my 
estimate  for  the  entire  Alameda  System  be- 
ing about  40%  of  that  of  the  Company's  Pen- 
insular Reservoir  System,  which  difference  is 
due  mainly  to  the  lesser  rainfall. 

"This  placed  my  estimate  of  the  average 
water  yield  of  the  entire  watershed  of  the 
Alameda  System  at  40%  of  500,000,  or  at 
about  200,000  gallons  per  day  per  square  mile 
of  watershed." 

In  one  of  my  reports,  made  to  the  Board  of 
Directors  of  the  Company  in  the  latter  part  of 
the  nineties,  urging  them  to  continue  the 
acquisition  of  lands  in  and  around  the  artesian 
region  of  Livermore  Valley,  as  well  as  of  other 
needed  lands  and  rights  in  the  balance  of  the 
Alameda  Creek  System,  I  made  an  approximate 
rating  as  to  the  comparative  water  yield  that 
the  various  subdivisions  of  the  proposed  Ala- 
meda System  could  be  made  to  furnish  by 
proper  grouping,  development  and  works. 

The  region  tributary  to  the  Pleasanton  ar- 
tesian belt,  including  Arroyo  Mocho,  but  exclu- 
sive of  Arroyo  Valle,  I  then  rated  at  a  daily  net 
water  yield  of  about  100,000  gallons  per  s(iuare 
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mile  of  tributary  watershed,  while  the  Lagunn 
Creek,  Sunol,  San  Antonio  and  Arroyo  Valle 
divisions  I  placed  at  an  average  of  about  200,- 
000  gallons  per  day  per  square  mile  of  water- 
shed. The  balance,  consisting  of  the  Alameda 
Creek  and  Calaveras  Division,  I  rated  at  aboiit 
400,000  gallons  per  day  per  square  mile  of 
watershed. 

In  making  this  approximate  estimate  I  had 
the  benefit  of  nearly  ten  years  of  run-off  data 
taken  at  the  Niles  dam,  and  my  general  intimate 
acquaintance  of  over  thirty  years  with  all  the 
vital  features  of  the  Alameda  System,  as  to  to- 
pography, hydrography  and  general  habits  of 
the  various  streams  during  and  after  rainy 
spells  and  seasons. 

In  the  same  "Review"  of  January  22d,  1912, 
quoted  above,  I  showed  that  the  Alameda  Creek 
Division,  above  Sunol  dam,  if  fully  developed 
and  properly  utilized,  could,  in  my  opinion,  be 
made  to  produce  an  average  net  supply  of 
about  120  million  gallons  per  day,  which  daily 
average  total  was  in  that  report  divided  into 
two  subdivisions,  viz :  Forty-six  million  gallons 
per  day  obtained  from  the  Arroyo  Valle  Reser- 
voir and  from  subterranean  development  com- 
bined, from  a  gross  watershed  then  approxi- 
mately estimated  at  about  360  square  miles 
tributary  to  the  large  gravel  sink  and  artesian 
belt  in  Livermore  Vallej^,  and  the  balance  of 
74  million  gallons  per  day  from  the  combined 
remainder  of  Alameda  Creek  watershed,  esti- 
mated in  that  "Review"  of  January  22d,  1912, 
at  about  270  square  miles  area. 

Since  the  above  "Review"  report  was  writ- 
ten, I  have  made  a  new  map  of  the  Alameda 
Creek  region,  composed  partly  of  geological 
survey  sheets  and  partly  of  portions  of  the 
respective  county  maps.  By  planimeter  meas- 
urement this  map  area  shows  an  area  of  about 
620  square  miles. 

The  question  whether  the  watershed  area 
contains  630  or  620  square  miles  will  make  no 
difference  in  the  total  average  annual  or  daily 
run-off  result  from  the  combined  system  when 
completed.  But,  as  the  gross  watershed  area  in 
this  case  will  be  of  interest,  in  order  to  segre- 
gate it  into  its  various  subdivisions  and  in 
order  to  proportion  as  near  as  practicable  the 
closely  known  total  actual  annual  run-off  from 
the  entire  watershed,  among  the  main  subdivi- 
sions of  the  same,  I  have  in  the  following 
adopted  my  last  result  of  round  620  square 


miles  as  the  gross  watershed  of  the  Alameda 
Creek  region  above  Sunol  dam. 

OUTLINE  OF  WORKS  AND  METHOD  OF 
OPERATION  OF  ALAMEDA  CREEK 
SYSTEM. 
In  the  future  operating  program  for  the  Ala- 
meda Creek  Division  with   its  three   contem- 
plated reservoirs: 

M.  G. 

Calaveras,  with  a  storage  capacity  of 53,000 

Arroyo  Valle,  with  a  storage  capacity  of 12,500 

San  Antonio,  with  a  storage  capacity  of 10,500 

Or  with  a  total  storage  capacity  of 76,000 

and  with  its  two  large  subterranean  water 
regions,  the  smaller  one  at  Sunol  acting  mainly 
as  compensating  and  filtering  medium,  while 
by  far  the  larger  one  in  Livermore  Valley, 
acts  as  a  compensating,  filtering  and  storage 
medium  combined.  These  properties  and  works 
will  be  divided  into  the  three  following  main 
subdivisions : 
(a)      The  Calaveras  Subdivision. 

This  subdivision  will  have  a  combined  water- 
shed of  135  square  miles,  being  round  100 
square  miles  for  the  Calaveras  direct  water- 
shed, and  about  35  square  miles  for  the  adja- 
cent feeder.  Upper  Alameda  Creek.  The  Cala- 
veras reservoir  will  have  a  contemplated  stor- 
age capacity  of  about  53,000  million  gallons. 

This  reservoir  will  have  a  main  westerly  out- 
let tunnel  (19  on  map)  of  not  less  than  150 
million  gallons  daily  carrying  capacity  from 
the  westerly  outlet  of  which  one  and  eventually 
two  60-inch  iron  pipe  lines,  if  required  (18  on 
map),  each  of  a  carrying  capacity  of  about  75 
million  gallons  per  day,  will  deliver  the  water 
from  the  Calaveras  storage  reservoir  through 
a  tunnel  (T  18  on  map)  of  a  carrying  capacity 
of  between  250  and  350  million  gallons  per  day 
into  the  Crystal  Springs  Reservoir. 

The  second  outlet  from  the  Calaveras  stor- 
rage  reservoir  will  be  by  a  tunnel  through  the 
westerly  bluff  and  around  the  westerly  end  of 
the  proposed  Calaveras  dam  (23  on  map),  thus 
allowing  water  to  discharge  from  the  reservoir 
and  run  down  the  Calaveras  Creek  to  and  into 
the  gravel  sink  in  the  Sunol  Valley,  which  sink 
lias  an  approximate  area  of  two  square  miles 
and  from  which  gravel  bed,  by  means  of  the 
present  and  future  largely  extended  filter  gal- 
lery system,  the  waters  so  liberated  from  the 
Calaveras  Reservoir,  jointly  with  the  waters 
from  other  sources,  will  pass  through  a  thor- 
ough,  automatic  filtering  process  before   con- 
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veying  it  away  for  purposes  of  domestic  con- 
sumption. 

The  above  outlined  southerly,  or  rather 
southwesterly  subdivision  of  the  Alameda 
branch  of  the  unit-system  of  the  Company,  hav- 
ing 135  square  miles  of  watershed  tributary  to 
the  Calaveras  Reservoir  of  a  proposed  storage 
capacity  of  53,000  million  gallons,  I  shall  here- 
after call  the  CALAVERAS  SUBDIVISION,  or 
ALAMEDA  SUBDIVISION  A. 

(b)   The  Arroyo  Valle-San  Antonio 
Subdivision 

This  subdivision  consists  of  the  watershed 
directly  tributary  to  the  proposed  Arroyo  Valle 
Reservoir,  of  about  140  square  miles,  and  of 
that  tributary  to  the  proposed  San  Antonio 
Reservoir,  of  about  40  square  miles  of  water- 
shed, making  a  total  watershed  of  about  180 
square  miles  for  both  reservoirs  combined. 

In  other  words,  where  about  140  square  miles 
are  directly  tributary  to  the  Arroyo  Valle  Res- 
ervoir of  a  proposed  storage  capacity  of  round 
12,500  million  gallons,  and  where  the  San  An- 
tonio Reservoir  of  about  10,500  million  gallons 
storage  capacity  has  a  direct  watershed  of 
nearly  40  square  miles,  and  where,  furthermore, 
an  additional  watershed  area  of  fully  five 
square  miles  in  lower  Arroyo  Valle  and  just 
below  the  reservoir  location,  can  also  be  made 
tributary  to  the  Arroyo  Valley-San  Antonio 
tunnel  (see  41  on  map),  it  appears  that  the 
watershed  that  will  be  made  directly  tributary 
to  the  San  Antonio  reservoir  from  these  sources 
has  an  area  of  about  185  square  miles. 

As  above  stated,  this  gross  watershed  area 
of  about  185  square  miles  contains  the  two 
storage  reservoirs  of  Arroyo  Valle  and  San  An- 
tonio, of  a  joint  storage  capacity  of  23,000 
million  gallons. 

Thus,  if  at  any  time  the  Arroyo  Valle  Res- 
ervoir during  a  rainy  season  threatens  to  be- 
come too  full  and  needs  relief,  the  surplus  can 
be  sent  down  stream,  via  Arroyo  Valle  Creek 
and  tunnel  41,  into  the  San  Antonio  Reservoir, 
thus  making  up  such  deficit  in  the  latter 's  own 
storage,  as  may  have  been  caused  by  insufficient 
run-oif  from  its  own  watershed,  or  by  insuf- 
ficient supply  sent  into  it  from  other  tributary 
sources. 

On  the  other  hand,  if  at  any  time  it  is  de- 
sirable to  either  replenish  the  water  in  the  sub- 


terranean gravel  beds  and  in  the  Company's 
artesian  belt  in  Livermore  Valley,  the  required 
supply,  instead  of  diverting  it  all  through  tun- 
nel 41  into  the  San  Antonio  Reservoir  and  from 
there  into  and  through  the  Sunol  filter  beds, 
can  be  partly  or  wholly  sent  down  along  the 
porous,  gravelly  bed  of  the  Arroyo  Valle,  and 
from  there  can  be  either  allowed  to  sink  into 
the  vast  porous  gravel  bed  underlying  the  cen- 
tral and  westerly  portion  of  Livermore  Valley 
or  can  wholly  or  partly  be  extracted  (as  de- 
tailed in  my  former  reports,  and  especially 
that  of  November  14th,  1911)  by  an  extensive 
subterranean  filter  gallery  system  (32-32-32  on 
map),  paralleling  (and  crossing  with  branch 
galleries*)  the  broad,  porous,  gravelly  bed  of 
the  Arroyo  Valle,  and  thus  be  conveyed  in  a 
filtered  state  by  gravitation  through  aqueduct 
(31-31  on  map)  directly  into  "the  meeting  place 
of  the  waters"  in  Sunol  Valley  (X  on  map). 

Meanwhile,  as  shown  in  my  former  reports 
and  as  outlined  on  the  main  map  accompany- 
ing this  report,  a  complete  and  effective  sys- 
tem of  artesian  wells,  suction  pipes,  pumps 
(30-30-30  and  IV-V-VI)  and  main  conduit  lines 
(31-31  on  map)  will  be  constructed  on  the 
Company's  artesian  belt  in  the  westerly  por- 
tion of  Livermore  Valley,  similar  to  and  in 
connection  with  the  plant  at  present  in  opera- 
tion on  that  property.  The  water  so  extracted 
from  the  large  subterranean  storage  in  the  ex- 
tensive gravel  beds  there,  either  by  the  pres- 
ent pumping  method  or  by  air  lifts,  or  both, 
will  be  delivered  into  the  main  aqueduct  (31- 
31-31  on  map),  which  in  turn  will  deliver  it  hy 
gravitation  to  and  into  the  main  receiving 
chamber  of  the  Sunol  filter  beds,  at  X  on  map. 

This  main  aqueduct  (31-31-31  on  map)  will 
be  of  sufficient  carrying  capacity  to  convey  to 
■Sunol  Valley  not  only  the  water  extracted  from 
the  Pleasanton  artesian  belt  by  the  well,  pipe 
and  pumping  system  (IV-V-VI  30-30-30  on 
map)  and  the  waters  gathered  from  the  filter 
beds  (32-32-32)  of  the  Arroyo  Valle,  as  well 
as  those  of  the  Arroyo  Mocho  (32-a),  but  also 
to  carry  to  the  same  destination  in  Sunol  Val- 
ley (X  on  map)  the  waters  that,  after  having 
been  delivered  from  the  San  Joaquin  through 
Livermore   Pass   tunnel    (38-38   on   map)    into 


*See  accompanying  cross  sections  of  branch  and  main 
subterranean  Alter  galleries  in  the  Sunol  gravel  beds.  The 
extensive  Alter  gallery  system  in  the  gravel  beds  of 
Arroyo  Valle  and  Mocho,  in  Livermore  Valley,  will  be  of 
similar  construction. 
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and  through  the  lateral  canal  (39-39-39)  in  the 
easterly  portion  of  Livermore  Valley,  are  al- 
lowed to  sink  (at  39-D  on  map)  into  the  gravel 
bed  of  the  Moeho,  or,  at  39  D-D,  into  the  gravel 
sink  of  the  Arroyo  Valle. 

Such  portion  of  the  San  Joaquin  waters 
therefore  as  have  not  been  sent  ahead  through- 
tunnel  41  into  the  San  Antonio  Reservoir,  and 
from  there  into  and  through  the  Sunol  filter  beds 
via  the  distributing  canal  (42-29  on  map),  but, 
instead,  have  been  dropped  at  39  D  and  at  39 
D-D  into  the  gravel  sinks  of  the  Mocho  and  Ar- 
royo Valle,  respectively,  and  after  having  passed 
for  several  miles  subterraneously  in  a  general 
westerly  and  northwesterly  direction,  respec- 
tively, through  the  extensive  gravel  bed  under- 
lying that  portion  of  the  Livermore  Valley, 
having  been  thus  thoroughly  filtered,  will  be 
extracted  again  from  the  underground  gravel 
strata  by  means  of  and  through  the  filtering  gal- 
leries, 32-32,  on  the  Arroyo  Valle,  and  32a  on  the 
Mocho. 

Such  portions  of  the  San  Joaquin  water  as 
are  not  thus  extracted  by  either  or  both  gal- 
leries, 32-32  and  32a,  will,  by  gravitation,  find 
their  way  subterraneously  in  a  westward  direc- 
tion, until  they  join  the  other  waters  gathered 
in  the  vast  Pleasanton  artesian  belt  of  the  Com- 
pany, which  have  there  accumulated  from  their 
own  natural  watershed,  with  or  without  assist- 
ance from  the  Arroyo  Valle  Reservoir. 

STRATEGIC  LOCATION  AND  IMPORT- 
ANCE OF  THE  LIVERMORE  GRAVEL 
BEDS. 

The  above  brief  outline  of  the  eventual  de- 
velopment of  the  present  and  proposed  water 
resources,  which  will  find  their  way  into  and 
through  the  Livermore  Valley,  with  its  unique 
automatic  filtration  and  artesian  facilities, 
shows  the  wonderful  versatility  of  this  magnifi- 
cent property  located  in  the  heart  or  center  of 
gravity  of  the  northerly  and  northeasterly  sub- 
division of  the  Company 's  magnificent  Alameda 
project.  "What  makes  the  feature  of  its  geo- 
graphical location  all  the  more  valuable  is  the 
fact  that  in  addition  to  gathering,  filtering  and 
compensating  its  own  direct  water  prod- 
uct, it  lies,  figuratively  speaking,  within  a 
stone's  throw  of  the  point  where  a  kind  Provi- 
dence delivers  during  spring  and  summer,  from 
many  thousands  of  square  miles  of  the  high, 
snow-clad  Sierra  Nevada,  a  practically  in- 
exhaustible supply  of  good  potable  water,  after 


passing  through  rockbound  and  indestructible 
natural  aqueducts,  the  canyons  of  the  San 
Joaquin,  Merced,  Toulumne  and  Stanislaus 
rivers. 

By  means  of  the  hereinbefore  and  hereinafter 
detailed  method,  all  embodied  in,  and  made 
possible  by  the  proposed  development  of  the 
Alameda  and  Peninsular  Unit-System  of  the 
Company,  the  waters  coming  from  the  melted 
snow  of  the  Sierra,  conducted  to  our  very 
doors  by  indestructible,  natural  aqueducts,  can 
and  will  be  filtered,  compensated,  conveyed, 
stored  and  delivered  into  San  Francisco  and  its 
future  suburbs,  thus  taking  care  of  the  future 
needs  of  its  coming  millions  of  inhabitants. 

The  fact  that  only  by  means  of  the  magnifi- 
cent and  large  filtering  and  storage  facilities  of 
the  Spring  Valley  Water  Company  on  both 
sides  of  the  Bay,  the  vast,  but  periodical  sup- 
ply of  the  snow  waters  of  the  Sierra  Nevada 
can  be  utilized,  adds  an  enormous  increment 
to  the  already  great  value  and  utility  of  the 
Company's  combined  properties. 

Before  describing  the  plan  of  connecting  the 
San  Joaquin  supply  with  the  Alameda  Division 
of  the  Company's  system,  I  will  enter  more 
fully  into  the  extent  of  the  water  supply  that 
can  be  obtained  by  the  full  development  of  the 
Alameda  Division  in  intimate  connection  with 
the  Peninsular  Division,  as  well  as  with  such 
other  feeders,  as  will  assist  in  the  maximum  de- 
velopment of  the  water  resources  appertaining 
to  the  Alameda  Division  proper. 

THE  WATER  RESOURCES  OF  THE  ALA- 
MEDA DIVISION  WHEN  FULLY  DE- 
VELOPED. 

By  observation,  studies  and  computations, 
my  former  conviction  has  been  fully  confirmed, 
that  the  gross  amount  of  water  that  has 
actually  passed  over  both  the  Niles  and  the 
Sunol  dams  during  each  year  of  the  19-year 
period  from  1889-90  to  1907-08,  inclusive,  is  in 
excess  of  t^^at  shown  in  the  run-off  tables  used 
in  the  Spring  Valley  Water  Company's  office. 

It  has  always  been  the  Company's  policy 
never  to  overestimate  the  potentiality  of  its 
water  resources,  but,  instead,  to  be  very  con- 
servative and  rather  err  on  the  safe  side.  I 
therefore  advised  retaining  the  same  method 
of  computing  the  run-off  as  heretofore  used 
with  the  knowledge  that  the  results  so  obtained 
would  be  very  conservative. 
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The  Niles  dam  was  built  for  the  purpose  of 
holding  the  original  General  Vallejo  location 
of  intake  to  the  former  mill  race,  and,  secondly, 
to  divert  the  water  of  the  Creek  into  the  "Niles 
aqueduct"  of  the  Spring  Valley  Water  Works. 

The  dam  was  not  built  with  the  view  of  act- 
ing as  a  weir  for  the  purpose  of  measuring  the 
water  flowing  over  it.  I  know  from  personal 
observation  that  this  low  diverting  dam  (be- 
ing built  no  higher  than  necessary  in  order  to 
divert  the  water  from  the  creek  into  the  com- 
paratively small  "Niles  aqueduct"),  would, 
during  flood  seasons  on  the  creek,  be  so  over- 
whelmed by  the  large  volume  of  water  rushing 
with  great  velocity  down  the  steep  Niles  Can- 
yon, that  it  would  only  be  noticed  during  high 
water  by  a  comparatively  small  parabolic  drop, 
thus  apparently  disposing  of  any  attempt  to 
ascertain  the  quantity  of  water  by  so-called 
"weir  measurements." 

The  main  idea  at  that  time  was  to  record  the 
depth  of  the  water  in  the  stream  and  to  approxi- 
mately, but  conservatively,  determine  the  aver- 
age annual  or  daily  gross  water  yield  of  the  en- 
tire system. 

From  my  many  years  of  experience,  I  fully 
realized  that,  once  having  the  gross  annual  run- 
off from  the  entire  system,  it  would  be  easy,  by 
the  aid  of  rain  and  local  run-off  records,  to 
ascertain  the  average  water  yield  from  the 
various  subdivisions  of  the  system. 

After  making  several  series  of  current  obser- 
vations during  the  years  subsequent  to  the  first 
diversion  by  our  Company  of  the  Alameda 
Creek  water,  at  the  same  time  watching  the 
action  of  the  water  as  it  passed  over  the  Niles 
dam,  I  found  that  a  very  close  approximation  to 
the  actual  quantity  in  the  stream  could  be  had 
by  using  a  simple  and  compact  formula  of  mine. 

Although  both  dams  (Niles  and  Sunol)  dur- 
ing high  freshets  act  practically  as  submerged 
weirs,  in  that  the  water  below  the  dam  at  times 
backs  over  the  crest  of  the  same  to  a  height 
amounting  to  from  60  to  80  per  cent  of  tlie  total 
depth  of  water  above  the  dam,  still  the  velocity 
with  which  the  torrent  approaches  the  dam  is 
so  great  as  it  jumps  with  a  flattened  parabolic 
curve  over  the  dam  and  into  the  tail-water  be- 
low the  same,  that  it  plunges  through  the  latter, 
down  to  the  very  bottom  of  the  creek  bed. 

The  increased  velocity  and  general  action 
of  the  stream  is  further  facilitated  by  the  fact 


that  especially  during  the  higher  stages  of 
water,  the  cross-section  of  the  stream  where  it 
passes  over  the  dam  is  somewhat  smaller  than 
that  of  the  stream  approaching  it.  It  is  also 
aided  by  the  fact  that  gravel  and  other  debris 
(carried  with  the  freshets  over  the  dam)  have 
rounded  off  and  smoothed  the  top  of  the  low 
timber  bulkhead  and  that  on  account  of  the 
comparatively  small  amount  of  end-contraction 
in  the  overfall,  friction  is  reduced  and  the 
velocity  increased. 

Thus,  the  combination  of  the  conditions  sur- 
rounding Niles  dam,  and  the  water  passing  over 
the  same,  allows  the  great  velocity  of  approach 
to  overcome  the  frictional  resistance.  The 
otherwise  retarding  effect  of  the  flat  surface  on 
top  of  portions  of  the  same,  are  more  than  off- 
set by  the  velocity  of  approach. 

All  of  which  contributes  to  make  the  run-off 
results  as  heretofore  computed  by  the  Company 
quite  conservative. 

A  similar  condition  as  to  run-off  results,  as 
here  detailed  for  the  Niles  dam,  prevails,  with 
some  modifications,  at  the  Sunol  dam,  the  main 
difference  being  that  the  top  of  the  latter  dam 
is  of  a  more  even  structure  than  the  former, 
and  that  it  is  therefore  better  suited  than  the 
Niles  dam  for  obtaining  run-off  results.  Still, 
during  high  water  the  Sunol  dam  has  been 
known  to  be  submerged  by  the  tail-water  from 
below  to  fully  80  per  cent,  of  the  depth  of  the 
water  over  the  dam  from  above. 

The  wooden  crest  had  a  beveled  slope  on 
the  upstream  side,  favoring  the  overflow  of  the 
water  and  at  the  north  end  of  the  dam  a  con- 
crete wingwall  assists  in  guiding  the  water  to 
and  over  the  dam.  The  up  and  downstream 
edges  of  the  main  portion  of  the  top  of  the 
concrete  dam  are  beveled;  all  of  which  favors 
the  flow  of  water  over  the  same. 

With  the  great  velocity  of  approach,  aided 
by  the  shape  of  the  dam  (favorable  to  the 
overflow),  the  resistance  of  the  back-water  on 
its  crest  is  easily  overcome,  so  that  the  over- 
flowing stream  dives  into  the  water  below  the 
dam,  clear  down  to  the  deep  bed  of  the  creek. 

Current  observations,  computations,  and 
studies  relative  to  the  quantity  of  water  dis- 
charged over  the  Sunol  dam  at  various  depths 
of  the  stream  as  well  as  innumerable  experi- 
ments made  by  me  in  former  decades,  with  free 
as  well  as  submerged  weirs,  flowing  both  from 
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still  wattir  heads  or  with  velocities  of  approach, 
proved  to  my  satisfaction  that  the  formula 
adopted  by  me  for  the  Niles  dam  could  also 
with  a  slight  modification  be  employed  for  the 
Sunol  dam,  insuring  results  that  could  be  de- 
pended upon  as  being  conservative  and  well 
inside  of  the  facts. 

The  Run-off  From  the  Alameda  Creek 
Division  of  the  Spring  Valley 
Water  Company's  System 

Based  upon  gagings  of  the  depths  of  water 
over  the  Niles  and  Sunol  dams,  respectively, 
during  the  19-year  period  from  1889-90  to 
1907-08  (inclusive),  the  following  table,  giving 
the  gross  seasonal  run-off  from  November  1st 
to  November  1st  of  each  year,  has  been  con- 
structed. With  the  exception  of  a  former 
clerical  error  in  the  run-off  of  1897-98  (which 
has  heretofore  been  and  is  herein  corrected)  it 
is  the  same  as  given  in  my  "Review"  of  Janu- 
ary 22d,  1912: 

GROSS  RUN-OFF  FROM  ALAMEDA  WATERSHED. 

Season  Total  run-off 

from  Nov.  1  during 

to  Nov.  1.  season. 

M.  G. 

1889-90 156,148 

1890-91 35,125 

1891-92 19,051 

1892-93 102,676 

1893-94 55,155 

1894-95 81,827 

1895-96 37,232 

1896-97 63,472 

1897-98 ' 3,775 

1898-99 24,849 

1899-00 18,158 

1900-01 32,102 

1901-02 19,717 

1902-03 23,500 

1903-04 36,154 

1904-05 20,254 

1905-06 63,134 

1906-07 102,917 

1907-08 21,189 

Total  for  19  seasons 916,435 

Or  an  average  of — • 

M.  G.  per  annum 48,233 

Or,  M.  G.  per  day 132 


PROPORTIONING  THE  ABOVE  AVERAGE 
GROSS  RUN-OFF  RESULTS  AMONGST 
THE'  VARIOUS  SUBDIVISIONS  OF  THE 
ALAMEDA  CREEK  SYSTEM. 

A — Calaveras  Run-off. 

Run-off  records  at  the  Calaveras  reservoir 
site  are  available  for  two  separate  periods,  the 
first  series  being  for  the  5-year  period  from 


1898-99  to  1902-03  (inclusive),  the  results  of 
which  from  my  investigation  appear  to  be  very 
close  to  the  facts.  The  second  period  of  run- 
off measurements,  cover  the  four  seasons 
from  1904-05  to  1907-08  (inclusive).  Although, 
during  my  studies  on  the  subject  in  the  summer 
of  1911,  I  accepted  them  for  my  computations, 
I  have  since  come  to  the  belief  that,  unless  re- 
vised, their  average  is  perhaps  10  per  cent,  too 
high. 

In  my  "Review"  report  of  January  22d, 
1912,  I  say  on  this  subject: 

"The  Calaveras  stream  gagings,  *  *  * 
which  at  that  time  *  *  *  were  furnished 
to  me  and  which  I  accepted  as  being  accurate, 
were  *  *  *  for  the  seasons  from  1904-5 
to  1907-8,  inclusive,  *  *  *  used  by  me  in 
my  report  of  August  19th,  1911,  but  I  am  of 
the  opinion  *  »  *  that  the  result  of  the 
gagings  are  somewhat  high." 

In  the  following  table  the  run-off  results  of 
Calaveras  and  Arroyo  Valle,  computed  by  the 
Spring  Valley  Water  Company  during  the  pres- 
ent spring,  are  set  side  by  side  with  the  re- 
spective seasonal  gross  run-off  data  recorded 
for  the  entire  Alameda  Creek  watershed  for 
the  four  consecutive  seasons,  1904-05  to  1907-08 
(inclusive). 

Gross  Run-off     Run-off  com- 

Seasonal  computed  puted  for 

Runoff  for  Gala-    Arroyo  Valle 

from  veras  (as  Reservoir 

Entire  furnished  site  (com- 

Alameda  me  in  Au-  puted  in 

Creek  gust,  1911).       spring  of 

watershed.  1912). 

(M.  G.)                     (M.  G.)  (M.  G.) 

Season —  round  figs,      round  figs. 

1904-05 20,254                  16,540  4,200 

1905-06 63,134                  32,550  17,000 

1906-07 102,917                  54,500  31,700 

1907-08 21,189                  14,140  3,300 

Totals   207,494  117,730  56,200 

Average — ■ 

Per  annum..  51,873  29,430  14,050 

Per  day 142  80  38.5 

With,  say,  10  per  cent  deducted  from  the 
above  average  Calaveras  result  of  80  million 
gallons  per  day  (as  suggested  by  me  above),  we 
shall  have  the  following  gross  average  results 
for  this  4-year  period  for: 

Entire  Alameda  Calaveras  Arroyo  Valle 

System  Reservoir                     Reservoir 

142  M.  G.  72  M.  G.                   38.5  M.  G. 

per  day.  per  day.                   per  day. 

If  we  carry  out  the  above  10  per  cent,  re- 
duction from  the  average  records  at  Calaveras 
for  each  individual  year  of  this  period,  we 
would  have  the  following  yearly  run-off  results, 
which  in  my  opinion  represents  approximately 

***In  January,  1912. 
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the  average  annual  run-ofif  at  Calaveras  for  this 
period,  in  round  figures : 

Calaveras  gaging 
records  if 
modified 
Season — ■  as  above. 

M.  G. 

1904-05 14,800 

1905-06 29,300 

1906-07 49,000 

1907-08 12,700 


ervoir  site  for  the  5-year  period  from  1898-99 
to  1902-03,  inclusive,  give  the  following  results : 

Run-'off  gaged 

at  Calaveras 

Reservoir  Site 

Season.  (in  mil.  gals.), 

round  figures. 

1898-99  13,200 

1899-00  14.400 

1900-01  17,800 

1901-02  11,000 

1902-03  15,000 


Total  105,800 

Or  an  annual  average  of 26,450 

Or,  in  round  figures,  per  day 72 

This  represents  the  probable  gross  average 
daily  run-off  from  Calaveras  during  said  period. 

By  placing  the  run-off  figures  for  the  Arroyo 
Valle  region  side  by  side  with  the  Calaveras 
results  so  corrected  we  have  the  following  com- 
parative run-off  table  for  this  4-year  period 
from  1904-05  to  1907-08 : 


Season. 


Calaveras 
gross  run-off 
(in  mil.  gals.), 
round  figures. 

1904-05 14,800 

1905-06 29,300 

1906-07 49,000 

1907-08 12,700 


Arroyo  Valle 

gross  run-off 

(in  mil.  gals.), 

round  figures. 

4,200 

17,000 

31,700 

3,300 


Totals 105,800  56,200 

Average  per  annum 26,450  14,050 

Average  per  day 72  mil.  gals.    38.5  mil.  gals. 

The  gaging  records  taken  at  Calaveras  Res- 


Total    71,400 

Or  annual  average  for  five  seasons. . . .   14,280 

This  represents  an  average  for  these  five  suc- 
cessive low  seasons  of  39.12  M.  G.  D. 

The  gross  run-off  results  for  the  5-year  (1898- 
99  to  1902-03)  and  for  the  4-year  period  (1904- 
05  to  1907-08)  enable  us  by  interpolation  and 
comparison  with  the  gross  Alameda  System 
run-off  record  for  19  years,  to  conservatively 
approximate  the  probable  run-off  from  Cala- 
veras for  the  remaining  10  years,  during  which 
no  run-off  record  was  available. 

The  following  table  shows  the  gross  run-off 
down  the  Niles  Canyon,  as  recorded  by  the 
Spring  Valley  Water  Company,  as  well  as  the 
run-off  from  Calaveras,  for  nine  years  out  of 
the  19-year  period.  The  run-off  figures,  inter- 
polated by  me,  are  shown  in  italics: 

RAINFALL  AND  RUN-OFF  RECORDS  IN  VARIOUS  PORTIONS  OF  THE  ALAMEDA  CREEK  DIVI- 
SION (FROM  JULY  1st  TO  JULY  1st),  WHICH  RECORDS  I  HAVE  USED  IN  CONNECTION 
WITH  MY  STUDIES  ON  THE  HYDROGRAPHY  OF  THIS  REGION. 

Gross  run-off 

from  Alameda 

System,  through 

SEASON.  Niles  Canyon 

(in  mil.  gals), 

Nov.  1  to  Nov.  1 

1889-90 156,149 

1890-91 35,125 

1891-92 19.051 

1892-93 102,676 

1893-94 55,155 

1894-95 81,827 

1895-96 37,232 

1896-97 63,472 

1897-98 3,775 

1898-99 24,849 

1899-00 18,158 

1900-01 32,102 

1901-02 19,717 

1902-03 23,500 

1903-04 36,154 

(Seasons  from  July  1 

1904r05 20,254 

1905-06 63,134 

1906-07 102,917 

1907-08 21,189 


Gross  run-off  from 

Calaveras  Water- 

RAINFALL 

shed  proper 

Lick 

Arroyo 

1       (interpolated 

Observ- 

Calaveras 

Valle 

results  in  italics), 

atory 

Reservoir 

Sunol 

Reservoir 

(in  mil.  gals.), 

(inches). 

Site 

Valley 

Pleasanton 

Livermore 

Site. 

,    in  round  figures. 

(inches). 

(inches). 

(inches). 

(inches). 

(inches). 

65,000 

45.16 

45.54 

28.66 

17,000 

24.05 

20.23 

14.16 

10,000 

27.49 

25.24 

14.25 

JfO,000 

37.93 

39.20 

26.29 

25,000 

35.84 

30.81 

17.16 

35,000 

36.61 

38.63 

24.37 

18,000 

29.76 

25.82 

16.35 

29,000 

32.22 

31.20 

17.28 

2,000 

17.66 

13.37 

9.11 

13,200 

25.73 

20.98 

20.41 

14.77 

9.27 

14.400 

29.31 

25.84 

22.27 

t22.52 

12.72 

17,800 

31.64 

30.66 

25.57 

$31.68 

19.72 

11,000 

27.62 

23.27 

19.46 

t21.85 

16.80 

15,000 

30.29 

24.95 

19.02 

t22.28 

14.25 

18,000 

33.78 

27.49 

22.16 

t26.92 

13.33 

to  July  1. 

*14,800 

28.55 

28.72 

t23.29 

t23.82 

15.81 

*29,300 

28.43 

24.62 

t25.21 

t29.16 

19.32 

t20.48 

*49,000 

43.34 

35.94 

t29.78 

t32.03 

23.14 

t26.84 

*12,700 

23.92 

15.95 

tl6.70 

tl5.88 

9.93 

Total  for  19  seasons 441,200  mil.  i 

Average  per  annum 23,200  mil.  gals. 

Average  per  day 63.5  mil.  gals. 

Or,  in  round  figures 63     mil.  gals,  per  day. 


♦Original  gagings,  with  10%  off. 

tRainfall  was  not  available  for  my  former  re- 
ports. 

{Rainfall  was  available  for  my  former  reports, 
but  has  since  been  slightly  corrected. 
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The  actual  average  daily  gross  run-off  from 
the  entire  Alameda  System  during  the  above 
19-year  period  was  in  all  probability  somewhere 
between  140  and  145  million  gallons  per  day, 
instead  of  the  132  million  gallons  recorded  by 
the  Company.  As  the  above  Calaveras  results  of 
63  million  gallons  were  arrived  at  without  refer- 
ence to  the  recorded  gagings  at  Niles  and  Sunol 
it  appears  fair  and  conservative  to  reduce  them 
in  the  same  proportion  between  the  meau  of 
140  and  145  on  the  one  hand,  and  132  on  the 
other.  This  would  reduce  the  above  average 
gross  daily  run-off  of  63  million  gallons  from 
Calaveras  proper  to  its  proper  relation  to  the 
average  gross  daily  run-off  of  132  million  gal- 
lons, or  58  M.  G.  D.,  which  figure  represents  very 
closely  the  average  proportion  that  the  Cala- 
veras M'atershed  of  about  100  square  miles  con- 
tributes to  the  gross  run-off  of  the  entire  Ala-' 
meda  watershed. 

B — The  Run-off  From  the  Arroyo 
Valle  Watershed  of  About  140 
Square  Miles  Area  is  30  M.  G.  D. 

The  Company  has  gaging  records  on  the  Ar- 
royo Valle  Division  for  four  years  out  of  the 
above  19-year  period.  Computations  based  on 
this  4-year  record  gives  an  average  of  38.5  M. 
Gr.  D.  as  above  shown. 

This  gross  run-off  of  38.5  million  gallons  per 
day  at  Arroyo  Valle  bears  a  relation  to  the 
average  daily  gross  run-off  at  Calaveras  proper 
for  the  same  4-year  period  of  72  million  gallons 
per  day  or  38.5 

=  53.4% 

72 

It  is  probable  that  a  similar  relation  is  main- 
tained between  the  two  run-off  results  for  the 
19-year  period,  which  (as  shown  in  the  above 
table  gives  to  Calaveras  an  average  gross  run- 
off of  63  million  gallons  per  day)  would  give  to 
the  Arroyo  Valle  a  gross  run-off  of  fully  33  mil- 
lion gallons  per  day. 

Applying  the  same  reasoning  used  in  reduc- 
ing the  63  million  gallons  Calaveras  run-off  to 
58  M.  G.  D.,  the  Arroyo  Valle  figure  of  33  M. 
G.  D.  becomes  30.3  51.  G.  D.,  or  in  round  figures 
30  M.  G.  D. 

By  adding  together  the  above  two  average 
gross  run-off  results  of  Calaveras  (58  M.  G.  D.) 
and  Arroyo  Valle  (30  M.  G.  D.),  we  have  a 
total  for  these  two  regions  combined  of  88  mil- 


lion gallons  per  day.  The  difference  between 
the  total  average  for  the  entire  Alameda  Sys- 
tem (132  M.  G.  D.)  and  the  Calaveras  and  Ar- 
royo Valle  combined  of  88  million  gallons  per 
day  is  44  M.  G.  D.,  which  represents  the  gross 
daily  run-off  product  from  the  remainder  of 
the  Alameda  Creek  watershed,  with  an  area  of 
about  380  square  miles. 

On  accompanying  Map  A  the  various  subdi- 
visions of  the  Alameda  Creek  division  of  the 
Company's  system  are  shown  by  division  lines 
and  black  letters  from  A  to  F. 

C — Run-off  from  Regions. 

B. — Alameda  Creek. 

D. — San  Antonio. 

E. — Laguna  and  Sunol  combined. 

The  rounded-off  areas  of  the  separate  sub- 
divisions of  the  entire  Alameda  Creek  water- 
shed, as  herein  adopted,  are  as  follows: 

Sq.  miles. 

A. — Calaveras  direct  watershed 100 

B. — Alameda   tributary   watershed 35 

C. — Arroyo  Valle  watershed 140 

C-1. — Arroyo  Valle   watershed    (between 

reservoir  and  tunnel  41 ) 5 

D. — San  Antonio   watershed 40 

B. — Laguna-Sunol  and  lower  Calaveras..     80 
F. — Livermore   Valley    gravel    beds    and 

tributaries    incl.    Mocho     (but    excl. 

Arroyo  Valle)    220 

Total  area  in  round  figures 620 

As  heretofore  shown,  the  mean  daily  gross 
product  from  the  Calaveras  and  Arroyo  Valle 
direct  watersheds  amount  to  58  and  30  million 
gallons,  respectively,  or  jointly  to  88  million 
gallons  per  day.  The  remainder  of  the  gross 
average  daily  run-off  from  the  entire  Alameda 
Creek  watershed  is  132  million  gallons,  which 
leaves  44  million  gallons  per  day,  contributed 
by  the  other  subdivisions,  of  about  the  follow- 
ing respective  areas: 

B — Of  round     35  square  miles. 
C-1—     "  5       " 

D—       "  40       " 

E—       "  80       " 

F—        "  220       " 

Total  area,  380 
While  the  above  two  subdivisions  A  and  C, 
of  a  joint  watershed  area  of  240  square  miles, 
or  38.7  per  cent,  of  the  entire  watershed  area, 
produce  a  daily  average  of  88  million  gallons  or 
66.66  per  cent,  of  the  entire  mean  gross  water 
yield  of  132  million  gallons  per  day,  the  re- 
maining 380  square  miles  (B-D-E-C  1-F)  or  61.3 
ppr  cent  of  the  entire  watershed  produce  only 
44  million  gallons  per  day,  or  33.33  per  cent. 
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of  this  mean  total  daily  water  yield  of  132  mil- 
lion gallons  per  day.  The  cause  for  this  dif- 
ference is  that  where  subdivision  A  and  C  contain 
the  highest  and  steepest  mountain  ranges  and 
are  good  water-shedders  the  heaviest  rainfall 
of  the  entire  Alameda  Division  occurs  in  their 
upper  reaches.  In  the  remaining  subdivisions, 
and  about  in  the  sequence  of  the  above  letter- 
ing, the  ranges  decrease  in  height  and  steep- 
ness of  slopes,  while  the  topography  generally 
becomes  more  flat  and  the  degree  of  absorption 
greater.  At  the  same  time  the  average  seasonal 
rainfall  also  decreases  from  south  to  north,  par- 
ticularly from  southwest  to  northeast. 

Although  as  hereinabove  shown,  the  gross 
product  of  this  total  northerly  and  northeast- 
erly division  of  an  area  of  round  380  square 
miles,  averages  about  44  million  gallons  per 
day,  still,  on  account  of  the  absence  of  separate 
stream  gagings,  the  exact  proportions  of  the 
subdivision  of  these  waters  (which  together 
amount  to  one-third  of  the  average  gross  water- 
product  of  the  entire  Alameda  System  of  132 
million  gallons  per  day)  is  not  definitely  known 
and  has  therefore  to  be  arrived  at  by  interpo- 
lation. 

From  my  long  and  successful  experience  dur- 
ing fully  four  decades  in  proportioning  the  total 
run-off  from  a  given  district,  amongst  its  main 
subdivisions,  where  only  the  gross  run-off  and 
specific  rainfall  data  are  available,  particularly 
if  the  inquiry  relates  to  regions  (as  in  the  ease 
of  the  Alameda  watershed)  with  the  topo- 
graphy and  hydrography  of  which  I  have  been 
familiar  for  many  years,  I  have  been  enabled, 
by  considering  all  known  eontributary  and  con- 
tingent conditions  and  circumstances,  to  very 
closely  proportion  the  run-off  results  to  the 
different  subdivisions  in  question. 

The  average  daily  gross  run-offs  from  Cala- 
veras proper  (A)  and  Arroyo  Valle  proper  (C) 
having  been  determined  to  equal  respectively 
58  million  gallons  and  30  million  gallons,  or  to- 
gether 88  million  gallons  per  day  out  of  the 
total  average  for  the  entire  Alameda  System  of 
132  million  gallons  per  day,  the  next  step  will 
be  to  determine  the  average  gross  daily  run-off 
from  the  group  of  watersheds  numbered  B-D-E 
and  of  a  total  joint  area  of  about  155  square 
miles. 


The  Run-off  from  the  Alameda  Creek 
Watershed,  Subdivision  B. 

Taking  into  consideration  the  Company's 
available  rainfall  data  and  the  geographical 
location  of  these  subdivisions  with  reference  to 
each  other  and  to  adjoining  watersheds  of  the 
Alameda  System,  reference  to  map  A  leads  to  the 
conclusion  that  the  average  rainfall  on  B  will 
be  somewhere  near  the  mean  between  that  taken 
at  the  Arroyo  Valle  and  Calaveras  Reservoir 
sites. 

For  this  comparison  the  Company  has  only 
two  years  of  rain  record  for  Arroyo  Valle,  those 
of  1905-06  and  1906-07. 


Ceason. 
1905-06.. 
1906-07.  . 


Rainfall,  Rainfall. 

Calaveras.  Arroyo  Valle. 

24.62"  20.48" 

35.94"  26.84" 


A  comparison  between  these  two  sets  of  rain 
records  shows  that  the  average  of  the  Arroyo 
Valle  rainfall  for  these  two  seasons  was  78  per 
cent  of  that  of  the  Calaveras  during  this  period. 
The  average  rainfall  taken  during  the  above 
19-year  period  at  Calaveras  Reservoir  site  be- 
ing 27.80  inches  we  may  assume  that  if  the  per- 
centage relation,  during  the  above  two  seasons, 
1905-06  and  1906-07,  between  the  Arroyo  Valle 
and  Calaveras  rainfall  of  78  per  cent.,  con- 
tinued approximately  through  the  entire  19- 
year  period,  we  would  have  an  average  annual 
rainfall  in  the  Arroyo  Valle  watershed  proper 
of  between  21  and  22  inches  per  annum. 

The  average  daily  gross  run-off  from  the 
Arroyo  Valle  watershed  having  been  closely  de- 
termined above  to  be  about  30  million  gallons 
per  day,  it  appears  that  with  an  average  sea- 
sonal rainfall  of  say  21  inches  of  rain  on  the 
140  square  miles,  or  round  3,900  million  square 
feet  of  Arroyo  Valle  direct  watershed,  the  av- 
erage seasonal  gross  precipitation  on  the  same 
would  be  round  6,800  million  cubic  feet,  or 
51,000  million  gallons.  The  average  run-off 
from  the  Arroyo  Valle  140  square  miles  of 
watershed  has  been  shown  to  be  about  30  mil- 
lion gallons  per  day,  or  10,950  million  gallons 
per  annum,  indicating  that  on  this  watershed 
the  percentage  that  the  run-off  bears  to 
the     gross     precipitation     would     be     about 

10,950 
=  21.47%. 

51,000 

The  average  annual  rainfall  on  the  Alameda 
watershed   (B)    of  about  35  square  miles  will 
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I)robably  lie  somewhere  midway  between  that  of 
CaUweras  and  Arroyo  Voile.  Where  the  Cala- 
veras rainfall  for  the  19  seasons  averaged  about 
27.8  inches,  and  that  at  Arroyo  Valle  (obtained 
as  above  by  interpolation)  about  21  inches,  the 
average  between  these  two  rainfalls  in  round  fig- 
ures, about  24  inches,  represents  the  average  an- 
nual rainfall  on  the  Alameda  watershed.  The 
topograhical  as  well  as  the  geological  features 
of  the  Alameda  watershed  (B)  represent  a  me- 
dium between  that  of  the  Arroyo  Valle  shed  (C) 
and  the  Calaveras  (A).  Located  as  it  is,  be- 
tween C  and  A,  its  rainfall  as  well  as  its  run-off 
will  lie  somewhere  between  those  of  C  and  A. 

While  the  run-off  percentage  at  Calaveras, 
from  the  average  rainfall  of  27.8  inches  (during 
the  19  year  period),  owing  to  favorable  con- 
ditions, shows  an  average  percentage  of  43.8%, 
the  less  favored  Arroyo  Voile  region,  with  its 
rainfall  of  about  21  inches,  shows  a  percentage 
of  only  about  21.5%.  Where,  as  above  stated, 
I  place  the  average  rainfall  on  B  at  about  the 
mean  between  that  of  Calaveras  and  Arroyo 
Valle,  I  am  convinced  that  the  average  run-off 
percentage  on  the  Alameda  (B)  will  be  some- 
what below  that  mean.  While  the  run-off  per- 
centage of  Calaveras  is  43.8%  and  that  of 
Arroyo  Valle  is  about  21.5%,  I  am  convinced 
that  the  run-off  percentage  on  Alameda  (lying 
between  Arroyo  Valle  and  Calaveras)  is  at 
least  20%  greater  than  the  average  percentage 
of  Arroyo  Valle.  This  places  the  percentage  of 
Alameda  at  about  25.8%,  which  I  shall  round 
off  to  25%. 

The  average  precipitation  on  the  35  square 
miles  of  Alameda  Creek,  or  round  975  million 
square  feet  of  watershed,  with  an  average  rain- 
fall of  about  24  inches,  amounts  to  a  round 
1,950  million  cubic  feet,  or  about  14,600  million 
gallons  per  annum.  Of  this  gross  annual  pre- 
cipitation, 25%  equals  an  average  run-off  from 
Alameda  Creek  of  3,650  million  gallons  per  an- 
num, or  10  million  gallons  per  day,  which  rep- 
resents the  probable  average ,  daily  gross  water 
produce  of  the  Alameda  Suidivision  (B). 

The  Run-off  from  tlie  San  Antonio 
Watershed  D,  Lower  Arroyo 
Valle  C,  and  from  the  Sunol- 
Laguna  Region  E. 

As  heretofore  stated,  the  first  and  third  of 
the  above  three  regions  are  intimately  connected 


with  each  other  both  geographically  as  well  as 
hydrographically.  The  third  (C-1)  will  be  con- 
nected with  the  San  Antonio-Sunol-Laguna  re- 
gion by  the  construction  of  the  proposed  tunnel 
(41)  from  the  Arroyo  Valle  to  the  San  Antonio 
Reservoir.  These  three  subdivisions  have  a  gross 
watershed  (in  round  figures)  of  about  125 
square  miles,  of  which  D  contains  about  40,  B 
80,  and  C-1  5  square  miles. 

In  order  to  arrive  approximately  at  the  av- 
erage annual  rainfall  over  this  combined  area 
of  about  125  square  miles,  I  shall  take  the  mean 
of  the  rainfalls  as  recorded  at  Calaveras,  Sunol, 
Pleasanton  and  Livermore  and  as  recorded  and 
interpolated  for  Arroyo  Valle.  This  mean  will 
be  very  close  to  the  average  rainfall  on  the  en- 
tire 125  square  miles  during  the  ten  seasons 
from  1898-99  to  1907-8  inclusive.  The  follow- 
ing list  gives  the  average  seasonal  rainfall  for 
these  10  years  for  the  five  stations,  obtained  as 
above  shown: 

Inches. 

Calaveras  25 .  84 

Sunol 22.38 

Pleasanton    24 .  09 

Livermore    15.42 

Arroyo  Valle   (as  interpolated) 21.00 

Total   108.73 

108.73 

Average= 

5 
or  21.7  inches  or  (round  figures)  21  inches. 

This  represents  for  the  above  ten-year  period, 
the  approximate  mean  rainfall  over  the  three 
regions  (San  Antonio,  Sunol-Laguna  and  Low- 
er Arroyo  Valle)  of  a  gross  watershed  area 
of  about  125  square  miles. 

While  the  rainfall  conditions  on  these  125 
square  miles  of  watershed  are  fair,  in  that  the 
average  annual  rainfall  is  fully  21  inches,  or 
about  equal  to  that  on  the  Arroyo  Valle  proper, 
still  owing  to  the  preponderance  of  large  flats 
and  gently  undulating  hills  covered  with  a 
more  absorptive  character  of  soil,  my  observa- 
tions have  convinced  me  that  barely  60%  of 
the  run-off  percentage  of  Arroyo  Valle,  or  50% 
of  that  of  the  Alameda  region,  can  be  counted 
upon,  for  this  combined  watershed. 

Thus,  where  the  former  run-off  percentage 
from  about  the  same  average  annual  rainfall 
(21")  is  21.5%,  and  that  of  the  latter  from  a 
somewhat  heavier  rainfall  (24")  is  about 
25%  (sixty  per  cent  of  21.5%  is  12.90% 
and    50   per    cent    of    25%     is     12.50%),     it 
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is  safe  to  say,  that  the  average  percentage  of 
run-off  on  the  entire  125  square  miles,  comprised 
within  the  watersheds  of  San  Antonio,  Sunol- 
Laguna  and  Lower  Arroyo  Valle,  will  probably 
not  exceed  12.5  per  cent  of  the  average  gross 
precipitation.  The  area  of  the  125  square 
miles  of  these  combined  watersheds,  equals  in 
round  figures  3,485  million  square  feet.  An 
average  rainfall  of  21  inches  or  1.75  feet  on 
this  surface  represents  round  6,100  million 
cubic  feet  or  45,750  million  gallons  of  gross 
precipitation  on  the  watershed.  Twelve  and 
a.  half  per  cent  run-off  from  this  amount  equals 
5.720  million  gallons  per  annum,  or  15,660,000 
gallons  average  daily  run-off,  from  the  San  An- 
tonio (D),  the  Sunol  Laguna  (E)  and  Lower 
Arroyo  Valle  (C-1)  combined. 

The  run-off  from  that  portion  of  the  Liv- 
ermore  Valley  Region — including  Arroyo 
Mocho  (but  exclusive  of  Arroyo  Valle 
proper,  C,  and  of  Lower  Arroyo  Valle  C-1 ) 
— which  is  tributary  to  the  Artesian  belt  on 
the  Spring  Valley  Water  Company's  Pleas- 
anton  Properties. 

This  region  (marked  F  on  map)  has  an  area 
of  round  220  square  miles,  of  which  the  average 
rainfall  is  not  definitely  known,  but  which, 
owing  to  the  portions  with  light  rainfall  along 
its  easterly  margin,  will  probably  not  be  much 
greater  than  the  average  rainfall  at  the  town 
of  Livermore,  which  lies  practically  in  the 
geographical  center  of  the  region.  The  aver- 
age rainfall  at  Livermore  during  the  above 
period  of  19  years,  from  1889-90  to  1907-08 
inclusive  was  16.94  inches.  Precipitation  of 
16.94  inches,  or  say  1.4  feet  on  the  watershed 
of  220  square  miles,  or  round  6,130  million 
square  feet,  represents  a  gross  average  precipi- 
tation of  8,582  million  cubic  feet,  or  64,360  mil- 
lion gallons  per  annum.  The  average  run-off 
percentage  of  this  area  I  estimate  to  be  but 
very  little,  if  any,  in  excess  of  10%  of  the  gross 
precipitation,  so  that  the  run-off  from  the  above 
64,360  million  gallons  of  average  annual  pre- 
cipitation would  not  be  much  in  excess  of  6,436 
million  gallons  per  annum,  or  17,600,000  gallons 
daily,  most  of  which  finds  its  way  into  the  sub- 
terranean gravel  deposits  of  Livermore  Valley. 

RECAPITULA  TION. 

Showing  the  average  daily  gross  surface  run- 


off products  from  the  above  seven  subdivisions 

of  the  Alameda  System : 

Mil.  gals,  per  day. 

A. — Calaveras   58 

B. — Alameda   10 

C— Arroyo  Valle  30 

C-1. — Lower  Arroyo  Valle ] 

D.— San  Antonio   i-     15.66 

E. — Sunol-Laguna    J 

F. — Livermore    Valley    incl.    Mocho; 

excl.  of  C.  and  C-1 17.6 

Total  average  gross  product  from 
entire  Alameda  Watershed  of  an 
area  of  about  620  square  miles..  131.26 

During  September  of  this  year,  or  fully 
four  months  after  writing  my  report  of  May  1, 
1912, 1  received  from  the  main  office  of  the  Com- 
pany the  Alameda  Creek  run-off  record  for  the 
four  seasons  from  1908-09  to  1911-12,  thereby 
completing  a  23-year  period  of  run-off  records 
from  that  system. 

The  average  gross  run-off  from  the  Alameda 
System  for  the  23-year  period  becomes 
134.8  million  gallons  per  day, 
which,  after  deducting  unavoidable  losses  by 
waste  and  evaporation,  brings  the  net  surface 
water  product  of  the  Alameda  System  to  round 
120  million  gallons  per  day. 

If  to  this  amount  there  is  added  the  gain  or 
saving  to  be  effected  by  reducing  or  pre- 
venting the  evaporation  now  going  on  from  the 
sub-saturated  soils  of  Livermore  Valley  (va- 
riously estimated  at  between  10  and  20  million 
gallons  per  day),  the  daily  average  net  product 
of  the  entire  fully  developed  Alameda  Creek 
System  tvould  probably  be  somewhere  between 
130  and  140  million  gallons  per  day. 

C. — The  San  Joaquin  Branch  of  the 
Combined  System  of  the  Spring 
Valley  Water  Company. 

Between  what  has  been  written  heretofore 
in  this  report  and  the  data  furnished  on  the  ac- 
compaying  map,  and  on  the  diagram  relating 
to  the  flood  records  of  the  San  Joaquin  River, 
with  its  three  main  tributaries  above  the  Com- 
pany's proposed  point  of  intake  (VIII  on  map), 
very  little  remains  to  be  said  about  this  latter 
practically  inexhaustible  source  of  water  sup- 
ply. This  source  will  be  used  only  after  the 
first  heavy  floods  of  each  season  have  thorough- 
ly cleansed  and  scoured  each  of  the  main  water- 
bearing river  channels.  The  above  mentioned 
run-off  chart  speaks  for  itself.  It  indicates 
plainly,  when,  during  each  season,  the  proper 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


time  has  arrived  to  take  water  out  of  the  river 
(vphieh  water  during  the  snow-melting  seasons 
is  soft).  It  also  shows,  that  the  combination 
of  the  San  Joaquin  division  with  the  Alameda 
and  Peninsular  divisions  of  the  Company's  sys- 
tem, will  provide  GREATER  SAN  FRAN- 
CISCO with  an  abundant  supply  of  potable 
water  of  first-class  quality  for  an  indefinite 
future.  The  supply  from  the  combined  sources 
of  the  Company  as  proposed,  can  gradually  and 
economically  be  increased  to  practically  un- 
limited proportions,  when  required,  so  as  to 
supply  the  region  around  San  Francisco  Bay, 
during  the  remainder  of,  and  beyond  the  pres- 
ent century. 

Another  great  advantage  offered  by  the  addi- 
tion of  the  San  Joaquin  source  to  the  Com- 
pany's system,  will  be,  that  it  enables  it  to 
fully  utilize  the  heretofore  described,  prac- 
tically unlimited,  natural  filtration  system  of 
the  Alameda  Creek  Division.  Thus,  the  intro- 
duction of  the  San  Joaquin  snow-water  supply 
as  an  important  and  practically  inexhaustible 
feeder  to  the  combined  system  of  the  Company, 
will  insure  for  the  future  an  abundant  supply 
of  water  of  excellent  quality  for  San  Francisco 
and  Oakland  and  their  future  suburban  ex- 
tensions, as  it  can  be  passed  through  the  vast 
natural  filterbeds  of  the  Spring  Valley  Water 
Company  in  Livermore  and  Sunol  Valleys. 

As  hereinafter  shown  an  additional  supply 
of  fully  50,000,000  gallons  per  day,  can 
be  developed  on  the  Company's  Coyote  Creek 
properties  and  on  its  artesian  properties  south 
of  San  Francisco  Bay  and  south  of  Gilroy.  I 
have  not  taken  them  into  consideration  for  the 
direct  supply  of  San  Francisco  proper,  as  I  am 
of  the  opinion  that  whenever  it  is  desirable  or 
has  become  necessary  to  develop  these  sources, 
their  water  yield,  whole  or  in  part,  will  then 
probably  be  required  for  the  future  southerly 
suburbs  of  Greater  San  Francisco  located  on 
both  sides  and  south  of  the  Bay. 

The  Niles  Cone. 

It  has  been  variously  argued  that  the  resi- 
dents on  what  is  known  as  the  "Niles  Cone," 
which  lies  between  Niles  and  the  bay-marshes, 
might  object  to  the  final,  full  development  of 
the  Alameda  Creek  System,  as  in  their  opinion 
their  subterranean  water  resources  might  be 
endangered  thereby.    The  entire  region  under- 


lying and  adjacent  to  the  southerly  portion  of 
San  Francisco  Bay  is  provided  by  nature  with 
a  large  subterranean  water  supply,  which  is  the 
result  of  water  that  has  sunk  into  the  porous 
gravel  beds  of  the  many  streams  traversing  the 
extensive  watershed  surrounding  the  southerly 
half  of  the  Bay.  Alameda  Creek  is  one  of  these 
feeders,  but  a  comparatively  small  portion  only 
of  its  run-oif  waters  sink  into  the  substrata  un- 
derlying the  so-called  Niles  Cone.  By  far  the 
largest  portion  of  the  water,  during  the  winter 
freshets  rushes  to,  and  is  lost  in  the  waters  of 
the  Bay. 

Thus,  the  summer  and  fall  supply  from  the 
Alameda  Creek  System  (which  has  been  and 
is  being  utilized  by  the  Spring  Valley  "Water 
Company)  would  constitute  the  main  feeder 
for  the  subterranean  supply  during  this  period 
of  the  year,  in  addition  to  the  comparatively 
small  amount  that  seeps  into  the  substrata  of 
the  cone  or  delta  during  the  freshet  season. 

By  a  large  expenditure  of  money  the  iSpring 
Valley  Water  Company  has  acquired  from  each 
of  the  property  owners  along  Alameda  Creek 
from  the  Sunol  Dam  to  tide-water  the  right  to 
divert  all  of  the  flow  of  Alameda  Creek.  These 
grants  provide  that  the  Company  has  the  right 
"to  impound,  appropriate  and  perpetually  di- 
vert and  take  the  water  from  said  Alameda 
Creek  and  all  of  the  tributaries  and  feeders 
thereof,  for  the  uses  and  purposes  of  the  Water 
Works  of  the  Company."  Owing  to  the  rapid 
suburban  growth  on  both  sides  of  the  Bay, 
which  will  largely  increase  in  the  future,  it 
is  only  a  question  of  a  few  decades  at  most, 
and  long  before  the  Alameda  Creek  Division 
of  the  Spring  Valley  Water  Company's  com- 
bined system  is,  or  needs  to  be,  fully  developed, 
that  practically  the  entire  region  now  known 
as  the  Niles  Cone,  will  have  become  too  valu- 
able to  use  for  fruit-raising  purposes  as  at 
present,  but  will  have  instead,  been  turned  into 
suburban  property  with  a  large  population,  re- 
quiring a  properly  constituted  water-supply 
system  with  distributing  pipes  in  the  streets, 
and  reservoirs  on  the  elevations.  At  that  time, 
the  residents  of  what  may  then  be  called  "the 
Niles  borough,"  will  not  only  need,  but  v^ill 
clamour  for  the  filtered  water  from  the  Ala- 
meda Creek  Division  to  be  delivered  to  them 
through  their  local  distributing  pipe  system  un- 
der pressure. 
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During  the  Spring  Valley  Water  Company's 
suit  in  the  U.  S.  Circuit  Court,  I  furnished  a 
map  (Exhibit  85)  relating  to  the  subject  of 
future  water  requirements  in  the  suburban  re- 
gions on  both  sides  of  San  Francisco  Bay.  I 
shall  here  quote  some  extracts  from  my  testi- 
mony given  at  that  time  of  this  subject: 

(See  page  1544  of  Transcript  of  Testimony  of 
H.  Schussler,  in  1904-5)  : 

"I  have  prepared  a  map  showing  on  both 
sides  of  the  bay  of  San  Francisco  the  present 
cities  and  towns  in  San  Francisco,  Alameda 
and  San  Mateo  counties,  also  including  Palo 
Alto,  in  Santa  Clara  County.  These  towns 
are  shaded  with  small  diagonal  cross  lines, 
while  the  regions  in  Alameda  and  San  Fran- 
cisco counties  which  are  filling  up  rapidly 
with  suburban  population — which  increase 
will  be  particularly  noticeable  during  the  bal- 
ance of  this  decade  and  during  the  next  one 
— are  shaded  with  a  coarser  network  of  diag- 
onal cross  lines.  Outside  of  San  Francisco, 
Oakland,  Alameda  and  Berkeley — particularly 
the  two  suburban  regions  that  are  shown  on 
the  map — will  receive  a  large  proportion  of 
the  increase  of  population  in  these  two 
counties.  I  herewith  present  this  map,  which 
will  be  Complainant's  Exhibit  85." 

"This  map  is  entitled  'Map  showing  present 
centers  of  population  on  both  sides  of  the  bay 
of  San  Francisco;  and  the  probable  future 
aggregation  of  population, — thus'  (indicat- 
ing) ;  'also  showing  approximate  convenience 
and  availability  of  the  sources  of  water  sup- 
ply, present  and  future;  scale,  half  inch  to 
one  mile." 

(See  page  1547  of  Transcript  of  same  Testi- 
mony of  H.  Schussler,  in  1904-5.) 

"The  Sunol  Valley  filter  beds,  of  an  area  of 
nearly  1,000  acres,  are  so  located  that  the 
water  product  of  the  three  proposed  reser- 
voirs, namely,  the  Calaveras,  the  San  Antonio 
and  the  Arroyo  Valle,  can  and  will  be  thor- 
oughly filtered  through  the  same  by  gravita- 
tion, before  being  sent  by  way  of  the  Sunol 
aqueduct  down  through  the  Alameda  Creek 
canyon  to  and  into  the  Niles  screen  house, 
which,  as  I  stated  before,  is  and  will  be  the 
central  distributing  point  of  water,  at  an  el- 
evation of  about  180  feet  above  tide,  either 
for  San  Francisco's  city  and  county,  with  or 
without  its  suburban  regions  of  San  Mateo 
county,  or  for  both  these  counties  combined 
with  the  principal  cities  and  towns  and  sub- 
urban region  rapidly  growing  up  in  Alameda 
County,  which  region  is  rapidly  extending, 
in  a  southeasterly  direction,  toward  the  dis- 
tributing point  at  Niles;  the  growth  of  both 


suburban  districts  on  either  side  of  the  bay 
being  fostered  by  rapid  electric  car  service. 
It  is  the  close  proximity  of  the  magnifi- 
cent Alameda  Creek  system,  with  its  vast 
watershed,  its  fine  storage  reservoir  sites  and 
its  unparallelled  filter  bed  system,  to  these 
same  centers  of  the  rapidly  growing  popula- 
tion on  the  east  side  of  the  bay  that  lends  a 
large  additional  value  to  the  combination,  in 
the  Alameda  Creek  System,  of  the  water 
rights,  reservoir  sites,  watersheds  and  filter 
beds  over  and  above  its  value  if  considered 
exclusively  for  the  purpose  of  San  Francisco, 
city  and  county." 

The  following  gives  a  brief  synopsis  of  the 
interconnection  of  the  various  subdivisions  of 
the  works  hereinabove  outlined,  which  when 
completed  and  in  full  operation,  will  take  care 
of  the  water  requirements  of  the  population 
that  may  gather  around  the  shores  of  San 
Francisco  Bay  in  the  distant  future. 

In  this  enumeration  I  have  not  followed  the 
sequence  with  which  the  developments  of  the 
various  subdivisions  are  likely  to  proceed,  as 
that  may  depend  partly  or  largely  upon  cir- 
cumstances and  advisability  at  the  time. 

GENERAL  OUTLINE  OF  THE  MAIN 
FEATURES  OF  THE  WORKS  OF  THE 
COMBINED  SYSTEM  OF  THE  SPRING 
VALLEY  WATER  COMPANY  AS 
HEREINBEFORE  OUTLINED. 

Note:  Both  Roman  and  Arabic  numbers  indicate  the 
respective  works,  as  shown  on  Map  A  and  Profile  E  and 
as  quoted  in  this  report. 

1. — Peninsular  Division. 

XI  Crystal  Springs  Dam  to  be  raised  so 

as  to  give  the  reservoir  a  capacity  of 
about  58,000  million  gallons. 

3a.  Crystal  Springs  proposed  Main  Grav- 

itation Aqueduct  to  San  Francisco 
(large  concrete-lined  tunnel,  under 
Bald  Hill  ridge.  Capacity,  250  mil- 
lion gallons  per  day). 

XVII.  Crystal  Springs  Pumping  Station,  and 
6.              Conduit    to    San    Andreas    Reservoir 

both  to  be  enlarged. 
3.  Crystal  Springs  Conduit,  capacity  to 

San  Francisco  to  be  enlarged. 
1.  San    Andreas    Conduit,    capacity    to 

San  Francisco  to  be  enlarged. 

XVIII.  Millbrae  Pumping  Station,  capacity  to 

be  increased,  and 
13.  New  force-pipe  and  tunnel  to  San  An- 

dreas Reservoir. 
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XXIV.  Central  Pumping  Station  in  San  Fran- 
cisco its  capacity  gradually  and  cor- 
respondingly increased,  and 

XXII.        Industrial  School  large  City  Distrib- 
uting Reservoir. 
City  Distributing  System,  correspond- 
ingly extended. 
2. — Coast  Stream  Division. 

48-47-46 1   Pescadero-San      Gregorio      combined 

45-44-43 1  main  and  storm-water  aqueduct  to 
Crystal  Springs  Reservoir. 

XXVI.  Pescadero  Storage  Reservoir. 

XXVII.  "         Pumping  Station. 

50.  "         Force  pipe  and  conduit  to 

45,  and 

49.  San  Gregorio  feeder  to  Pescadero  Res- 

ervoir. 
3. — Alameda  Creek  Division. 

I.  Calaveras    Reservoir    of    a    proposed 

capacity  of  about  53,000  million 
gallons. 

19.  Outlet  Tunnel  for  same,  with 

18.  One  or  more  iron  pipe  lines,  across 

Santa  Clara  Valley,  and 

T  18.  Tunnel  into  Crystal  Springs  Reservoir. 

23.  Northerly    outlet    tunnel   from    Cala- 

veras Reservoir,  and 

23-a.  Alameda   Creek   feeder  to    Calaveras 

Reservoir,  and 

26-29.  Main  Canal  distributing  Calaveras 
water  over  Sunol  filter-beds  27. 

II.  Arroyo  Valle  Reservoir,  of  a  capacity 

of  12,500  million  gallons,  and 
40-41.         Aqueduct    and    tunnel   from    Arroyo 
Valle  to  San  Antonio  Reservoir. 

III.  San  Antonio  Reservoir,  of  a  capacity  of 

10,500  million  gallons,  and 

42-29.  Canal  distributing  San  Antonio  and 
other  waters,  over  Sunol  filterbeds. 

32.  Main  Arroyo  Valle  filter-gallery. 

32-a.  Main  Arroyo  Mocho  filter-gallery,  both 

delivering  by  gravitation  the  water 
so  obtained  from  the  above  two  re- 
spective extensive  gravel  beds, 
through  and  along  aqueduct. 

31.  To  the  Sunol  Valley  filter-beds,  and 

to  the 

X.  "Meeting  of  the  waters"   and  main 

Sunol  Valley  Distributing  and 
Pumping  Station,  combined. 

NOTE:     The  function  of  the  two  extensive 
subterranean  filter  gallery  systems     in    the 


Mocho  and  Arroyo  Valle  branches  of  the 
large  Livermore  Valley  gravel  sink  is  to 
draw  the  water  (by  a  number  of  cross  gal- 
leries each  with  many  thousands  of  galvan- 
ized pipe  inlets  (like  those  now  in  successful 
operation  in  Sunol  Valley)  from  underneath 
the  respective  broad  and  porous  creek  beds. 

By  constructing  both  these  branches  of 
proper  dimensions  and  locating  the  main  and 
branch  galleries  so  that  when  required,  es- 
pecially during  the  rainy  season  in  the  direct 
watersheds,  and  during  snow-melting  season 
in  the  Sierras,  they  can  be  called  upon  to 
■  give  a  supply,  eventually  amounting  to  many 
hundreds  of  millions  of  gallons  per  day  of 
filtered  water. 

The  same  rule  holds  good  for  the  future 
extended  subterranean  filter  gallery  system 
in  the  Sunol  Valley  gravel  beds,  which  will 
not  only  take  care  of  the  waters  sent  down 
from  the  Calaveras  and  San  Antonio  Reser- 
voirs as  well  as  the  product  of  subdivision  E, 
but  also  of  such  waters  of  the  Arroyo  Valle 
and  San  Joaquin,  as  may  be  sent  via  the 
San  Antonio  Reservoir,  to  the  "meeting  of 
the  waters": — X,  in  Sunol  Valley. 

Thus  by  drawing  large  volumes  of  water 
through  all  these  filter  galleries  during  the 
seasons  when  the  gravel  channels,  either 
naturally  or  by  being  supplemented  from 
other  sources,  have  a  good  supply  of  water 
running  in  them,  a  very  much  larger  aver- 
age daily  supply  can  be  obtained  from  them 
for  each  year. 

IV-V-VI.  Pumping  Stations  on  the  Company's 
artesian  belt  near  Pleasanton,  draw- 
ing their  water  supply  by  a  system 
of  suction  pipes  (similar  to  the  sys- 
tem now  in  successful  operation 
there)  or  by  air-lifts,  or  by  both 
methods  combined,  from  several 
properly  located  groups  of 

30-30-30.  Artesian  wells,  distributed  over  the 
above  artesian  belt.  The  water 
product  of  this  well  and  pumping 
system  will  be  discharged  into  and 
conveyed  to  the  "meeting  of  the 
waters"  (X)  in  the  Sunol  Valley, 
through  the  gravitation  aqueduct — ■ 
31-31-31. 

VII.  Laguna  Creek  Pumping  Station,  which, 

with  a  low  lift,  pumps  such  water 
as  may  pass  down  Laguna  Creek, 
through  branch  Canal  28,  into  the 
distributing  Canal  29  along  the  east 
side  of  the  Sunol  filter-beds,  where 
it  is  joined  by  the  waters  coming 
from  San  Antonio  (III)  and  Cala- 
veras (I)  reservoirs. 
4. — San  Joaquin  Division. 

VIII.  Main  intake  low  lift  centrifugal  pump- 

ing station,  lifting  water  out  of  San 
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IX. 

37. 
38. 

39. 

39-D. 
39-D-D. 


41. 

X. 

25. 

16. 


14. 


XVI. 


14. 
15. 

XVIII. 


Joaquin  River  (see  maps  A,  B  and 
C)  into  the  settling  basins  34  (map 
A),  from  which  after  clarification 
it  flows  by  gravitation  along  con- 
crete lined  canal  to  subsidiary  set- 
tling basins  35,  from  which 
The  tnain  Scm  Joaquin  Pumping  Sta- 
tion lifts  the  water  through 
Capacious    wrought    iron    force    pipe 

lines  to  and  into 
Tunnel  under  Livermore  Pass,  from 
which    in    turn    it    is    discharged 
through  and  along 
Concrete    lined    canal,    which,    while 
crossing  the  easterly  portion  of  Liv- 
ermore Valley,  drops  a  portion  of  its 
waters   (if  required) 
Into    the    gravel-sink    of    the    Arroyo 

Mocho  and 
Into   the    gravel-sink   of   the   Arroyo 
Valle,  and  discharging  the  balance 
of  its  water  with  or  without  an  addi- 
tion   from    Arroyo  Valle  Reservoir 
(II)  through  tunnel 
Into  the  San  Antonio  reservoir.    Prom 
there  via  Distributing  Canal  29  and 
Sunol  filter-galleries  27,  into 
' '  The  meeting  of  the  waters ' '  in  Sunol 

Valley. 
Sunol  Dam,  carrying  the  filtered  water 
from  27  across  Alameda  Creek,  into 
and  through 
Sunol  Aqueduct,  consisting  of  concrete 
lined  tunnels  (and  at  present  some 
flumes  which  latter  will  be  replaced 
by   concrete  lined  tunnels   like  the 
present  ones) ,  of  a  carrying  capacity 
of  about  66  million  gallons  per  day, 
to 
Present    36-inch    Alameda    pipe  line 
with  4  submarine  lines  crossing  nav- 
igable   slough    and    San    Francisco 
Bay   at  Dumbarton   Point;   thence 
continuing  36  inches  in  diameter  to 
Belmont  Pumping  Station,  where  the 
water  is  elevated  and  then  flows  in 
36-inch  pipe  line 
To  Burlingame,  where  it  joins 
The  new  54-inch  Alameda  pipe  line. 
This  in  turn  conveys  the  water  to 
The  Millbrae  Pumping  Station,  which 
at  present  forces  it  into 


L. 
15. 

XVI. 

17. 

XVI. 
XI. 


XVIII. 
X. 

22. 
21. 

20. 


T-18. 
XI. 


The  San  Andreas  pipe  line,  but  which 
in  the  future,  after 

The  54-inch  new  Alameda  pipe  line 
has  been  extended  from  Sunol  aque- 
duct 16,  to 

Enlarged  Belmont  Pumping  Station 
and  thence  continued  (15)  to  Bur- 
lingame, where  it  will  connect  with 
the  new  Alameda  54-inch  pipe  there. 

Shows  conduit,  consisting  of  wrought 
iron  pipe  and  concrete  lined  tunnel, 
through  which  the  enlarged  Belmont 
Pumping  Station 

Will  discharge  such  waters  coming  via 
25,  16,  14  and  15,  as  are  not  sent 
northwardly  to  XVIII,  etc.,  into 

The  Crystal  Springs  Reservoir.  Just 
west  of  San  Francisco  Bay,  by  a 
series  of  connecting  gates,  a  portion 
of  the  water  coming  through  pipe- 
lines 18  or  20  from  either  Calaveras 
or  Sunol,  respectively,  can  be  dis- 
charged into  pipelines  14  or  15  or 
both,  and  can  thus  if  desired  be 
sent  to 

Etc.,  via  the  Belmont  Pumping  Sta- 
tion XVI. 
The  main  Sunol  Pumping  Station  is 
erected,  which  lifts  whatever  quan- 
tity of  water  is  required,  through 

Wrought  iron  force  pipelines  to  and 
into 

"Upper  Sunol  Aqueduct"  (consisting 
of  a  succession  of  a  number  of  short, 
concrete  lined  tunnels)  to  its  junc- 
tion with 

Wrought  iron  pipelines,  say  sixty 
inches  in  diameter,  of  a  daily  carry- 
ing capacity  of  about  75,000,000 
gallons  each;  these  so-called  "in- 
verted syphon  lines,"  while  having 
the  same  levels  at  their  inlets  as 
well  as  outletss  respectively,  with 
line  18  (from  Calaveras),  parallels 
the  latter,  in  its  entire  length  until 
pipelines  18  and  20  after  having 
passed  for  many  miles  over  the 
Company's  broad  artesian  belt 
south  of  S.  F.  Bay,  discharge  their 
waters  jointly  through 
The  Crystal  Springs  tunnel,  into 
The  Crystal  Springs  reservoir. 
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24.  Near  the  easterly  or  inlet  end  of  both 

sets  of  pipelines  18  and  20,  is  a  set 
of  connecting  gates  between  these 
two  lines,  so  that  the  water  coming 
either  via  21  or  19,  can  be  dis- 
charged into  Crystal  Springs 
through  either  or  both  of  these  lines. 

Power  Plants. 

For  the  purpose  of  operating  the  works,  when 
partly  or  wholly  completed  as  hereinabove  out- 
lined, it  may  be  advisable  to  establish  two  Cen- 
tral Power  Stations.  The  one,  being  located  at 
(IX)  on  the  San  Joaquin  Division  (while  the 
main  pumping  plant  there  is  operated  by  first- 
class  steam  driven  plunger  pumps),  an  electric 
power  plant  at  the  same  place,  (where  fuel  is 
convenient  by  both  water  and  rail),  would  de- 
velop the  necessary  power  to  operate. 

The  low  lift  pumping  stations — ^VIII  at  the 
main  intake  on  the  San  Joaquin,  IV-V-VI  at 
Pleasanton  artesian  belt,  and  VII  at  Laguna 
Creek,  and  the  high  lift  pumping  station  X  in 
Sunol  Valley,  by  which  the  filtered  water  is 
lifted  into  aqueduct  21  and  flows  from  there  via 
20  and  T-18  to  and  into  the  Crystal  Springs 
Reservoir  XI. 

The  other  Power  Station  would  probably  best 
be  located  at  XVI  at  Belmont,  and  (while  the 
high  lift  pumping  plant  there  would  be  steam 
driven,  lifting  the  water  via  conduit  17  into 
Crystal  Springs  Reservoir)  the  electric  power 
needed  for  the  operation  of  Pumping  Stations 
XVII,  XVIII  and  XXVII  (the  latter  at  Pesca- 
dero)  could  be  developed  most  conveniently  at 
the  centrally  located  Belmont  Station  XVI. 

D. — Santa  Clara  Valley  Division. 

The  Water  Development  on  this  division  is  in- 
tended for  the  future  use  of  the  region  wherein 
these  properties  are  located,  namely:  South, 
Southwest  and  Southeast  and  East  of  the 
Southerly  portion  of  the  Bay  of  San  Francisco. 

As  in  the  near  future  a  large  suburban  popu- 
lation is  bound  to  accumulate  here,  either  in 
boroughs  of  future  ' '  Greater  San  Francisco ' '  or 
in  other  separate  centers  of  population,  these 
districts  will  require  a  general  water-supply  sys- 
tem under  pressure. 

The  respective  water  properties  of  the  Spring 
Valley  Water  Company  located  within  and  near 
these  suburban  regions  are  specially  adapted  for 


an  effective  and  economical  development  of  their 
water  resources. 

Coyote  System  Will  Produce 
20  M.  G.  D. 

The  Company's  available  rainfall  and  run-off 
data  relating  to  the  110  square  miles  of  water- 
shed on  the  Coyote  Creek  are  scant,  so  that  I 
have  had  to  approximate  the  probable  average 
water  yield  by  comparison  with  similarly  situated 
properties  of  which  the  rainfall  and  run-off  con- 
ditions are  better  known. 

I  have  assumed  that  the  average  seasonal 
rainfall  is  somewhere  between  that  of  Gil- 
roy  (20.15  inches),  and  Arroyo  Valle  proper 
at  about  21  inches,  and  furthermore  that  the  run- 
off percentage  conditions  are  similar  to  those 
of  the  less  favorably  located  (from  a  geographi- 
cal point  of  view)  Arroyo  Valle  watershed.  The 
Arroyo  Valle  with  its  140  square  miles  of  water- 
shed averages  about  21  inches  of  annual  rainfall, 
with  an  average  run-off  of  30  million  gallons  per 
day;  Gilroy,  located  about  6  miles  southwesterly 
from  the  Coyote  Reservoir  site,  has  an  average 
annual  rainfall  of  a  trifle  over  20  inches.  Tlie 
Coyote  watershed  adjoins  that  of  the  Calaveras 
at  its  southeasterly  end,  where  the  rainfall  is 
considerably  in  excess  of  20  or  21  inches.  It  is 
safe  to  say  that  the  average  rainfall  on  the 
Coyote  shed  at  least  equals  that  of  Gilroy  of 
20  inches,  and  that  the  daily  run-off  per  square 
mile  is  about  the  same  as  that  of  the  Arroyo 
Valle.* 

The  average  daily  run-off  per  square  mile  of 
Arroyo  Valle  watershed  is  about  215,000  gallons, 
Allowing  for  the  slight  difference  in  the  assumed 
average  rainfall  on  the  Coyote  of  20  inches,  and 
the  average  rainfall  of  Arroyo  Valle  of  21  inches, 
I  shall  place  the  run-oft'  of  the  former  in  round 
figures  at  200,000  gallons  per  day  per  square 
mile  of  watershed.  Thus  the  110  square  miles 
of  Coyote  watershed  would  produce  not  less  than 
an  average  of  about  22  million  gallons  per  day, 
which  I  shall  round  off  to  20  million  gallons  per 
day. 

Artesian  Region  South  of  Gilroy 
Will  Produce  14  M.G.  D. 

The  artesian  belt  of  the  Company,  located 
southeast  of  Gilroy,  has  a  gross  watershed  lying 
to  the  northwest  and  west  of  the  same,  of  about 
170  square  miles,  about  140  square  miles  of  which 
are  tributary  to  the  subterranean  gravels  and 

*See  "Arroyo  Valle  run-off." 
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artesian  belt  on  the  Company's  properties  there. 
The  main  creeks  traversing  this  latter  area  are 
the  Las  Llagos  Creek  on  the  east  and  the  Car- 
nadero  Creek  on-  the  west  side  of  the  valley.  Both 
of  these  creeks  being  better  run-oif  producers 
than  the  Arroyo  Mocho  and  other  tributaries  to 
the  Company's  artesian  belt  in  Livermore  Val 
ley,  I  am  convinced,  that  virhere  the  water- 
shed supplying  the  Livermore  Valley  gravel 
basin  (exclusive  of  the  Arroyo  Valle  watershed) 
yields  only  about  80,000  gallons  per  day  per 
square  mile,  the  watershed  around  Gilroy,  of 
which  about  140  square  miles  is  tributary  from 
the  northwest  to  the  Company's  artesian  belt, 
will  send  into  the  same  and  make  avail- 
able, a  supply  of  not  less  than  100,000  gallons 
of  subterranean  water  per  day  per  square  mile 
of  watershed.  This  would  represent  an  average 
supply  to  be  obtained  from  this  artesian  region 
of  aboiit  14,000,000  million  gallons  per  day. 

Artesian  Region  Around  Southerly 
Shore  of  Bay. 

The  artesian  strata  traversing  the  properties 
of  the  Company,  which  skirt  the  southerly  and 
southwesterly  portion  of  San  Francisco  Bay,  re- 
ceive their  subterranean  supply  from  the  large 
watershed  tributary  to  Santa  Clara  Valley.  As 
near  as  can  be  ascertained,  about  420  out  of  the 
round  600  square  miles,  of  the  total  watershed 
tributary  to  the  belt  of  marsh-land  on  the  south- 
erly margin  of  the  Bay  (neither  of  which  figures 
include  the  110  square  miles  of  the  Coyote) 
supply  the  above  artesian  region  south  and  south- 
west of  the  Bay,  through  many  subterranean 
channels.  This  artesian  belt  is  directly  connected 
with  the  beds  of  the  many  streams  discharging 
into  Santa  Clara  Valley  through  the  large  ac- 
cumulations of  porous  gravel,  which  fill  their 
beds  after  emanating  from  the  foothills  and 
which  gravel-filled  beds  in  turn  connect  sub- 
terraneously  with  the  artesian  strata  south  and 
southwest  of  and  southeast  of  the  bay.  The 
conditions  surrounding  the  water-supply  to  the 
above  artesian  belt,  judging  from  my  observa- 
tions, are  fully  equal  to  those  supplying  the 
artesian  belt  southeast  of  Gilroy,  which  I 
estimated  will  furnish  not  less  than  an 
average  of  100,000  gallons  per  day  per  square 
mile  of  watershed.  Applying  this  rate  (a  very 
low  estimate)  to  the  artesian  belt  surrounding 
the  south  end  of  the  Bay,  and  assuming  that  only 


one-half  of  this  product  passes  through  under- 
neath the  properties  in  question,  we  have  an  av- 
erage daily  water  supply,  that  can  be  drawn 
from  that  region  by  a  properly  devised  and  dis- 
tributed artesian  well  and  pumping  system,  of 
not  less  than  21,000,000  gallons  per  day. 

A  recapitulation  of  the  water  products  obtain- 
able from  the  three  above  described  sources  for 
suburban  supply  purposes  around  and  southeast 
of  southerly  end  of  Bay. 

Mil.  gals, 
per  day. 

Coyote  Reservoir  and  filter  beds 20 

Artesian  belt  south  of  Gilroy 14 

Artesian  belt  south  side  of  bay 21 

Total    55 

Which  latter  figure  I  shall  round  off  to . .     50 

When  it  appears  advisable  to  develop  either 
partly  or  wholly,  any  one  or  more  of  the  above 
three  water  resources,  they  no  doubt  will  be 
used  for  domestic  supply  purposes,  in  the  south- 
erly portions  of  the  proposed  future  "Greater 
San  Francisco,"  which  will  be  located  south  of 
and  on  both  sides  of  the  southerly  portion  of  San 
Francisco  Bay. 

Conclusions. 

I  shall  here  briefly  recapitulate  the  results  of 
my  former  estimates  as  well  as  those  of  my 
studies  and  conclusions,  detailed  in  this  present 
report,  in  order  to  see  how  my  original  figures 
on  this  subject  (made  during  the  nineties)  com- 
pare with  my  present  findings.  I  have  shown 
that  my  first  estimate  of  the  water  product  of 
the  combined  Alameda  System  would  equal  about 
200,000  gallons  per  day  per  square  mile  of  water- 
shed. With  the  area  of  this  watershed  as  herein 
corrected,  at  round  620  square  miles,  this  first 
estimate  would  represent  in  round  figures  about 
124,000,000  gallons  per  day. 

In  a  subsequent  estimate,  made  for  the  Board 
of  Directors  of  the  Company  in  the  latter  part 
of  the  nineties,  I  segregated  the  water  yield  into 
three  subdivisions,  as  follows: 

(1)  Calaveras  and  Alameda  watershed  (here- 
in placed  at  round  135  square  miles)  at  an  av- 
erage yield  of  about  400,000  gallons  per  day  per 
square  miles  of  watershed,  being,  for  135  square 
miles,  54,000,000  gallons  per  day  for  Calaveras 
and  Alameda  combined. 

(2)  Laguna  Creek,  Sunol,  San  Antonio  and 
Arroyo  Valle  combined,  with  a  watershed  as 
shown  in  this  report  as  round  265  square  miles, 
giving  an  average  yield  of  about  200,000  gallons 
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per  day  per  square  mile,  or  53,000,000  gallons 
per  day. 

(3)  Watershed  tributary  to  Pleasanton  ar- 
tesian belt  (exclusive  of  Arroyo  Valle)  of  round 
220  square  miles  of  watershed,  supplying  an 
average  yield  of  about  100,000  gallons  per  day 
per  square  mile,  or  22,000,000  gallons  per  day. 
By  recapitulatiing  these  three  results  arrived  at 
in  the  latter  part  of  the  nineties,  we  have — 

Gals,  per  day. 

A 54,000,000 

B 53,000,000 

C 22,000,000 

Total       129,000,000 

In  my  "Review  Report"  of  January  22nd, 
1912,  after  going  carefully  over  my  two  last 
reports  of  August  19th,  1911,  and  of  November 
14th,  1911,  on  the  subject  of  the  water  yield  of 
the  Alameda  System,  I  segregated  the  system 
into  two  main  subdivisions  and  estimated  the 
relative  net  water  yield  of  each,  as  follows : 
That  of  the  southwesterly  and  westerly  region, 
designated  on  map  A  herewith,  by  letters  A-B- 
D-E,  and  comprising  100,  35,  40  and  80  square 
miles  respectively,  or  255  square  miles  collec- 
tively, and  comprising  the  Calaveras,  Alameda, 
San  Antonio  and  Sunol-Laguna  watersheds,  at 
74,000,000  gallons  per  day.  That  of  the  easterly 
and  northeasterly  region,  consisting  of  the  water- 
sheds of  Arroyo  Valle  C,  of  140  square  miles; 
the  lower  Arroyo  Valle  C-1,  of  5  square  miles; 
and  the  remaining  region  tributary  to  the  ar- 
tesian belt  in  Livermore  Valley  (including  Ar- 
royo Mocho),  of  round  220  square  miles,  making 
a  total  tributary  watershed  area  of  365  square 
miles  (comprised  on  map  A  under  letters  C,  C-1 
and  P).  I  placed  this  region  at  an  average  net 
water  yield,  when  fully  developed,  of  46,000,000 
gallons  per  day.  Thus  the  combined  result  of 
these  latter  two  estimates  was  a  total  average  net 
yield  of  120,000,000  gallons  per  day. 

During  the  last  thorough  investigation  (as 
detailed  in  this  report)  made  by  me  on  this  im- 
portant subject  (in  which  I  made  full  allow- 
ance for  possible  waste  of  water  during  extra 
heavy  winters,  as  well  as  an  extra  allowance 
for  loss  by  evaporation),  I  took  into  con- 
sideration the  conservative  run-off  as  given  by 
the  Company's  Niles  and  Sunol  records,  as  well 
as  other  records  of  local  rim-off  and  rainfall. 
This  resulted  in  the  conclusion  that  the  average 


net  run-off  from  the    entire    Alameda    Creek 
watershed  was  120,000,000  gallons  per  day. 

In  the  following  table  a  brief  recapitulation 
shows  the  future  development  proposed  by  the 
Spring  Valley  Water  Company,  whereby  the  in- 
creasing demands  of  San  Francisco  as  well  as  of 
Greater  San  Francisco  will  be  amply  met  for  an 
indefinite  future : 

Average  net 

A.  Peninsular  Division  daily  supply 

(m  mil.  gals.) 
round  figures. 
Pilarcitos,  San  Andreas  and  Crys- 
tal Springs 19 

Coast  streams  fully 50 

B.  Alameda  Creek  Division 

Calaveras   58 

Alameda  10 

Arroyo  Valle  30 

Lower    Arroyo    Valle,     San    An- 
tonio, Sunol-Laguna 15.66 

Livermore     Valle,     incl.     Mocho, 

excl.   Arroyo   Valle 17 .  60 

Total  gross    131.26 

Total  net,  120.* 

C.  San  Joaquin  Division 

With     its     practically    unlimited 
supply  as  hereinabove  shown. 

D.  Santa  Clara  Valley  Division 
(For  suburban  purposes  only) 

Coyote  River  project 20 

South  of  S.  F.  Bay  Artesian 21 

South  of  Gilroy  Artesian 14 

Total    55 

Rounded  off  to  50 

The  System  is  a  Unit. 

All  through  this  report  I  have  emphasized 
the  unit  idea  in  constructing  as  well  as  in  oper- 
ating the  Company's  unequaled  system.  Under 
our  variable  climatic  conditions,  as  illustrated 
herein,  large  storage  reservoirs  are  absolutely 
necessary. 

But  this  alone  is  not  sufficient ;  they  must  also 
be  interlaced  and  interconnected  with  each  other 
so  thoroughly  that  any  part  of  the  combined  sys- 
tem can  quickly  and  reliably  be  assisted  by  the 
other  portions  that  have  resources  to  spare.  (See 
map  A  and  diagram  E.)  If  such  assistance  can 
be  g-iven  by  gravitation,  well  and  good;  if  not, 
pumping  will  be  resorted  to.  For  this  purpose, 
as  well  as  in  order  to  make  some  of  the  lower 
but  very  prolific  reservoirs  of  our  combined  sys- 
tem quickly  and  economically  available,  our  Com- 
pany's  plan  of  development  includes  several  high 
duty  pumping  stations,  located  at  strategic 
points  from  where  water  can  be  sent  to  the 
point  where  it  is  required,  for  a  comparatively 

*On  page  118  of  this  report  is  shown  under  what  condi- 
tions the  above  net  water  product  of  the  Alameda  System 
may  be  increased  from  120  Tnillion  gallons  per  day  to 
between  130  and  140  million  gallons  per  day. 
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small  capital  expenditure  as  well  as  under  a 
low  operating  cost. 

Owing  to  the  very  uneven  topography  of  San 
Francisco,  the  use  of  pumping  plants,  for  the 
purpose  of  distributing  water  to  the  inhabitants 
living  on  the  slopes  and  summits  of  the  many 
more  or  less  isolated  hills  and  ridges  within  the 
City,  has  been  resorted  to  in  the  past,  and  will 
have  to  be  resorted  to  in  the  future. 

With  the  exception  of  water  supplied  by  way 
of  the  Spring  Valley  "Water  Company's  San 
Andreas  Reservoir  (which  will  deliver  water  by 
gravity  to  the  proposed  "Industrial  School  Res- 
ervoir" at  an  elevation  of  310  feet  above  tide) 
all  other  water  supplies  arriving  in  this 
City  by  way  of  the  Crystal  Springs  res- 
ervoir and  its  future  large  gravitation  tunnel- 
aqueduct  (3-a  on  map  A),  whether  coming  from 
any  of  the  subdivisions  of  the  Spring  Valley 
Water  Company's  System  or  from  Sierra  Ne- 
vada ,  by  gravitation  or  otherwise,  will  probably 
not  reach  San  Francisco  at  an  elevation  higher 
than  about  190  feet  above  tide. 

With  the  above  exception,  therefore,  all  of 
the  future  supplies  which  will  be  required  above 
the  level  commanded  by  the  main  distributing 
reservoirs  at  an  elevation  of  about  190  feet  above 
tide,  will  have  to  be  lifted  by  proper  pumping- 
stations,  located  within  the  City  at  such  points 
where  the  supply  can  be  conveniently  delivered 
from  the  outside  works,  and  in  the  reasonably 
near  neighborhood  of  which  the  respective 
higher  elevations  or  summits,  to  which  the  water 
is  to  be  delivered  are  conveniently  located. 

Water  arriving  in  the  lower  main  distribut- 
ing reservoirs  in  San  Francisco  will  supply  that 
portion  of  San  Francisco  located  between  the 
shores  of  the  bay  and  ocean  on  the  one  hand, 
and  about  the  100-foot  contour  on  the  other. 

The  percentage  of  respective  areas  covered  by 

the  regions  located  between  the  contour  lines: 

Below  the  100-feet  contour 40% 

Between  100  feet  and  200  feet 24% 

200      "       "     300     "    20% 

300      "       "     400     "     8% 

400      "       "     500     "    5% 

500      "       "     600     "    1% 

Above  600  feet 2% 

Total   100% 

This  table  shows  that  practically  60  per  cent  of 
the  surface  area  of  San  Francisco  will  have  to 
be  supplied  by  the  use  of  pumping  plants. 
The  Spring  Valley  Water  Company  has  found 


that  the  compactness  of  its  system,  which  com- 
bines great  versatility  and  a  high  degree  of  in- 
terchangeability  with  short  safe  lines  of  inter- 
communication between  the  various  main  subdivi- 
sions, as  well  as  between  them  and  the  City, 
presents  a  strong  array  of  factors  of  safety  as 
well  as  factors  that  make  for  economy  of  con- 
struction and  of  operation.  Our  Company  has 
had  a  vast  amount  of  experience  not  only  in 
the  construction  of  proper  works  for  water  sup- 
ply purposes,  but  also  regarding  the  actual  cost 
of  works  of  this  character  under  the  prevailing 
conditions  of  labor  and  materials,  and  has  thor- 
oughly studied  the  plan  of  construction  as  well 
as  the  probable  cost  (even  under  the  best 
management  obtainable)  of  the  various  plans 
proposed  to  it  for  bringing  by  gravitation  its 
future  additional  water  supply  from  one  of  the 
Sierra  Nevada  sources.  In  these  estimates  it 
was  contemplated  to  cross  the  San  Joaquin  Val- 
ley by  means  of  so-called  inverted  syphon  pipe- 
lines, discharging  the  water  by  gravitation 
through  a  tunnel  under  Livermore  Pass  at  prac- 
tically the  same  elevation  as  outlined  in  this 
report  for  its  San  Joaquin  Division. 

Subsequently,  the  investigations  were  concen- 
trated upon  the  three  distinct  Sierra  water- 
sheds lying  directly  opposite  to  our  proposed 
Livermore  Pass  tunnel  (30  on  map  A),  being 
that  of  the  Mokelumne  River  of  about  500 
square  miles,  that  of  the  Stanislaus  of  about , 
640  square  miles,  and  that  the  Tuolumne  of 
about  700  square  miles  of  watershed  area,  re- 
spectively. Outside  of  the  necessary  head 
works  for  each  of  these  three  specific 
cases  (the  aqueducts  terminating  in  the 
foothills  of  each  respective  canyon,  at  an  eleva- 
tion of  1,000  feet  more  or  less  above  tide),  one 
or  more  so-called  inverted  syphon  pipes  were  to 
be  constructed,  reaching  from  the  westerly 
termini  of  the  respective  aqueducts,  across  the 
San  Joaquin  Valley  to  the  easterly  or  inlet  end 
of  the  Livermore  Pass  tunnel.  The  total  fall  of 
these  pipelines  crossing  the  San  Joaquin  Valley 
(about  400  feet),  between  the  easterly  and  west- 
erly termini  of  the  respective  ' '  inverted  syphon 
pipelines,"  gave  a  fall  or  grade  of  about  6  feet 
per  mile  of  pipe.  This  fall,  for  the  contemplat- 
ed pipelines  of  62  inches  diameter,  corresponds 
to  a  discharge  capacity  for  each  line  of  about 
60  million  gallons  per  day. 

My  cost  estimates  for  these  pipelines  were 


130 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


based  upon  a  quality  of  American  laminated 
iron  equal  in  every  respect  to  that  employed  by 
the  Spring  Valley  Water  Company  in  the  con- 
struction of  its  44-inch  Crystal  Springs  pipe- 
line as  well  as  of  its  36-inch  Alameda  pipeline. 
Both  of  these  lines,  through  their  long  period 
of  successful  service,  have  proven  the  true 
economy  of  proper  proportions,  high-grade  ma- 
terials and  workmanship  combined. 

The  actual  cost  of  construction  of  gravitation 
works  from  the  most  favorably  located  one  of 
the  above  three  Sierra  Nevada  sources,  per  mil- 
lion gallons  per  day  delivered  by  gravitation 
at  the  easterly  or  inlet  end  of  our  proposed 
Livermore  Pass  tunnel,  was  found  to  be  more 
than  three  times  the  cost  of  works  delivering 
the  same  amount  of  water  by  pumping  from 
the  San  Joaquin  River  during  the  snow-melting 
seasons,  as  proposed  by  our  Company  and  as 
outlined  in  this  report. 

The  annual  cost  of  operating  the  latter  sys- 
tem, including  all  cost  such  as  fuel,  wages,  in- 
terest, depreciation,  etc.,  was  found  to  be  be- 
tween one-half  and  two-thirds  of  the  annual 
cost  of  the  Sierra  Nevada  gravitation  plan,  in- 
cluding interest,  depreciation,  labor,  etc. 

Besides,  the  adoption  of  the  Company's  plan 
of  taking  the  water  out  of  the '  San  Joaquin 
during  the  snow-melting  period,  not  only  con- 
nected our  works  with  a  source  near  home,  of 
vastly  greater  furnishing  capacity,  but  also, 
while  saving  a  vast  sum  in  the  initial  capital 
expenditure,  it  entirely  avoided  costly  and 
tedious  future  litigation  as  to  water  rights,  and, 
as  above  stated,  the  cost  per  million  gallons  de- 
livered at  the  Livermore  Pass  tunnel  inlet  was 


between  one-half  and  two-thirds  only  of  the 
cost  delivered  by  gravitation  from  the  Sierra 
sources. 

Thus  it  was  evident  that  the  plan  adopted  by 
the  Spring  Valley  Water  Company  of  connect- 
ing the  San  Joaquin  River  directly  with  the 
Alameda  Creek  Division  of  its  works  was  by  far 
the  most  practical,  economical  and  rapid  solu- 
tion for  its  future  extension,  particularly,  too, 
as  thereby  its  resources  became  practically  un- 
limited, and  all  ideas,  therefore,  of  eventually 
adding  a  Sierra  Nevada  source  to  its  system  by 
gravitation  were  abandoned  in  favor  of  the 
plan  herein  outlined. 

Where  kind  Providence  has  placed  close  to 
the  eastern  boundary  line  of  the  Alameda  sys- 
tem in  the  San  Joaquin  River  the  marvelous 
run-off  result  from  the  snow-clad  Sierras  we 
are  highly  gratified  at  having  selected  this 
much  more  economical,  as  well  as  more  safe 
and  reliable  source  of  future  additional  supply. 
In  short,  the  works  of  the  Spring  Valley 
Water  Company  (as  outlined  in  this  report)  can 
furnish  an  abundant  supply  of  water  of  first 
class  quality,  to  the  regions  surrounding  San 
Francisco  Bay  during  the  remainder  of,  and  be- 
yond, the  present  century. 

"The  properties  and  works  of  the  S.  V. 
W.  Co.  occupy  such  a  unique  position  that 
they  will  always  constitute  the  nucleus  as 
well  as  the  only  safe  basis  for  all  future 
water  supply  projects  for  San  Francisco  and 
the  cities  on  both  sides  of  the  Bay." 
Respectfully  yours, 

HERMANN  SCHUSSLBR, 
Consulting  Engineer  of  the  Spring  Valley  Val- 
ley Water  Company. 


AVERAGE  DAILY  GROSS  RUN-OFF  PROM  THE  ALAMEDA  SYSTEM  AS  RECORDED  BY  THE  SPRING 
VALLEY  WATER  COMPANY,  COMPARED  WITH  THE  COMPUTED  RUN-OFF,  FURNISHED  TO  MR. 
FREEMAN  BY  MR.  C.  WILLIAMS,  JR.,  IN  THE  LATTER'S  REPORT  ON  THE  WATER-YIELD  OF 
THE  ALAMEDA  SYSTEM. 

COMPILED    BY   HERMANN    SCHUSSLER,    CONSULTING  ENGINEER,   S.   V.   W.   CO. 

OCTOBER,  8TH,  1912. 


Annual  Run-off  Record 
of  the  Spring  Valley 
Water  Company  for 

Nllesand  Sunol  Dams. 


Average  Daily 

Gross  Run-off  Run-off  in 

per  Season  I'n  IVIilionsof 

Season.                             Million  Gallons.  Gallons. 

1889-90 156,148  427.9 

1890-91 35,125  96.2 

1891-92 19,051  52.1 

1892-93 102,676  281.3 

1893-94 55,155  151.1 

1894-95 81,827  224.1 

1895-96 37,232  102 . 0 

1896-97 63,472  175.8 

1897-98 3,775  10.3 

1898-99 24,849  68.0 

1899-00 18,158  49.7 

1900-01 32,102  87.9 

1901-02 19,717  54.0 

1902-03 23,500  64.3 

1903-04 36,154  99.0 

1904-05 20,254  55.4 

1905-06 63,134  172.9 

1906-07 102,917  281.9 

1907-08 21,189  58.0 

1908-09* 

1909-10* 


Average    S.    V.    W.    Co.'s    rec-  ..qo   ^ 
ord  for   19   seasons lo^.i. 


Mr.  Williams' 

Estimated  List 

Mr.  Williams' 

(Col.  4)  With 

Run-off 

Estimated   List 

His  Estimates 

as    Calculated   by- 

(Col.  4)  With 

of   168.1    for 

Mr.  Williams  from  his 

Average  Daily 

1908-09  and 

Estimated  Rain-Tables 

Run-off;i:  of 

74.9  for  1889-90 

and  Run-off  Curves 

420.9  M.  G.  Inserted 

Omitted,  but  With 

in  Millions  of  Gallons 

for   Season 

S.  V.  W.  Co.'s 

per  Day.t 

of  1889-90. 

Record  of 

420.9  for  1889-90 

(Nov.  1  to  July  1) 

Inserted.! 

t 

420.9 

420.9 

57.9 

57.9 

57.9 

89.3 

89.3 

89.3 

247.8 

247.8 

247.8 

102.5 

102.5 

102.5 

238.4 

238.4 

238.4 

104.8 

104.8 

104.8 

139.6 

139.6 

139.6 

17.7 

17.7 

17.7 

56.8 

56.8 

56.8 

79.7 

79.7 

79.7 

152.1 

152.1 

152.1 

80.9 

80.9 

80.9 

88.6 

88.6 

88.6 

85.9 

85.9 

85.9 

118.9 

118.9 

118.9 

163.5 

163.5 

163.5 

240.7 

240.7 

240.7 

43.9 

43.9 

43.9 

168.1 

168.1 

74.9 

74.9 

117.6 

132.4 

133.1 

Daily     Average     tor 

Daily    Average    for    21 

Daily   Average   for 

20  Seasons. 

Seasons. 

19  Seasons. 

Exclusive    of    1889-90. 

Inclusive    of    1889-90. 

(Inclusive    of    1889-90, 
but      exclusive      of 

fSeasons     from     July 

1         |For      seasoa     from 

1908-09  &  1909-10.) 

to  July  1. 

July    1   to   July    1,    so 

as    to   correspond   with 

§S.    V.    W,    Co.    has 

Mr.       Williams'       sea- 

no record  prior  to  Nov, 

sons     (except    1889-90, 

1,   1889. 

♦Seasons   from   Nov.   1 
to    Nov.    1. 


which  is  from  Nov.'  1 
to  July  1). 

tAlthough  aware  of  the  large  run-off  recorded  during  the  season  1889-90,  Mr.  Williams  omits  the  same, 
while  he  retains  the  very  small  run-off  of  the  season  1897-98,  thereby  not  obtaining  affair  average  tor  the 
21  years  from  1889-90  to  1909-10,  of  132  million  gallons  per  day,  as  shown  in  Column  5  of  this  table;  but 
instead,  thereby  lowering  the  average  by  such  omission  to  117.6  million  gallons  per  day  as  shown  in 
Column  4. 

By  using  Mr.  Williams'  computed  figures  for  the  20  seasons  from  1890-91  to  1909-10,  and  by  adding 
thereto  the  run-off  of  1889-90,  the  result  for  these  21  consecutive  years,  as  shown  in  Column  5,  is  identical 
with  my  result,  given  in  my  previous  reports,  of  132  million  gallons  per  day,  while  (as  shown  in  Column 
6),  by  taking  his  computed  results  for  the  18  years  from  1890-91  to  1907-08  (both  inclusive)  and  for  proper 
comparison  adding  thereto  the  run-off  for  1889-90  recorded  by  the  Spring  Valley  Water  Company,  thus  encom- 
passing the  same  ID-year  period,  as  shown  in  Columns  2  and  3  (and  upon  which  19-year  period,  my  run-off 
result  of  132  million  gallons,  given  in  my  previous  reports  is  based),  the  average  daily  run-off  for  this 
period  becomes  fully  133  million  gallons. 

Note: — The  figures  shown  in  Column  4  of  this  table  were  taken  from  a  report  on  "the  Water  Supply 
of  the  Alameda  Creek  Watershed,"  made  by  Mr.  C.  Williams,  Jr.,  to  Mr.  P.  V.  Long,  City  Attorney,  v/hich 
latter  report  I  did  not  see  until  about  five  months  after  my  present  report  of  May  1st,  1912,  was  written. 

By  attaching  Columns  4,  5  and  6  to  the  S.  V.  W.  Co.'s  run-off  table  (with  Columns  1,  2,  3),  we  obtain 
the  above  comparative  results. 
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REPORT  ON  THE  POSSIBLE  YIELD  FROM  THE  ALAMEDA, 

THE  PENINSULA  AND  THE  LAKE  MERCED  SYSTEMS 

OF  THE  SPRING  VALLEY  WATER  COMPANY 


BY 


Geoege  G-.  Anderson,  C.  B. 
Consulting  Engineer. 


San  Francisco,  Cal.,  September  12,  1912.         Procedure  of  Investigations. 


S.  P.  Eastman,  Esq.,  Vice-President  and  Man- 
ager S.  V.  W.  Co.,  San  Francisco. 

Dear  Sir: 

The  following  report  embodies  my  conclu- 
sions regarding  the  possible  water  yield  from 
Alameda  System,  Peninsula  System  and  Lake 
Merced  System  of  the  Spring  Valley  Water 
Company. 

General. 

These  conclusions  have  been  derived  after 
inspection  in  the  field  of  the  territory  concerned, 
and  after  exhaustive,  detail  study  of  all  data 
available  and  previous  investigations  of  record. 

The  natural  flow  set  forth  for  each  of  the 
systems  in  past  years  represents  without  doubt 
actual  conditions  within  close  limits. 

The  regulated  flow  or  yield  of  «the  system 
presented,  shows  the  supply  of  water  that  I 
estimate  could  have  been  delivered  during  the 
past  years,  with  the  structures  and  works  men- 
tioned, and  under  operating  methods  and  right 
of  control  of  water  indicated. 

I  have  not  investigated  titles  or  evidence  of 
ownership  to  riparian  and  other  water  rights, 
but  have  accepted  the  Company's  statement  of 
right  to  the  flow. 

I  am  of  the  opinion  that  the  data  collected  in 
my  investigations  is  reliable,  and  that  the  esti- 
mates and  deductions  based  thereon  are  sound 
and  conservative,  and  that  under  normal  .and 
proper  conditions,  these  conclusions  will  be 
substantiated. 


In  the  form  of  appendices  to  the  following  re- 
port is  indicated  the  various  records  and  docu- 
ments from  which  the  information,  on  which  my 
conclusions  are  based,  has  been  derived. 

This  underlying  data  has  been  cheeked  and 
scrutinized  with  great  care.  All  original  field 
notes  available  have  been  inspected,  and  the 
summarized  amounts  shown  in  tabulations  in- 
cluded in  this  report,  have  all  been  re-calcu- 
lated and  checked. 

Field  notes  and  daily  journals  have  been  ac- 
cepted as  correctly  stating  observations.  In 
cases  of  doubt  comparative  and  confirmative  in- 
formation has  been  searched  for,  carefully  com- 
pared and  the  most  conservative  conclusion 
adopted.  (The  data  referred  to  appears  herein 
as  Appendix  H  and  Appendix  I.) 

Present  Resources  Capable  of 
Large  Future  Extensions. 

The  Spring  Valley  Water  Company's  pres- 
ent water  supply  to  San  Francisco  is  drawn 
from  the  following  three  principal  systems: 
Alameda,  Peninsula  and  Lake  Merced  Systems. 

The  Alameda  System  draws  water  from  the 
flow  of  Alameda  Creek  drainage  area  above  the 
Company's  diversion  dam  at  Sunol.  The  sur- 
face run-off  is  regulated  by  pumping  at  Pleas- 
anton  Pumps  from  the  deep  and  porous  gravel 
basin  in  the  Pleasanton-Livermore  Valley,  into 
which  sinks  surface  flow  from  the  streams. 

It  is  proposed  to  largely  increase  the  present 
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supply  from  this  system  by  construction  of  res- 
ervoirs and  additional  pumping  plants. 

Prom  Sunol  the  water  is  carried  by  aqueduct 
and  pipe  line  down  Niles  Canyon,  across  the 
Bay  of  San  Francisco  at  Dumbarton  and  up 
the  Peninsula  to  Millbrae,  where  it  ordinarily 
joins  the  Crystal  Springs  flow  ,and  can  be  di- 
verted to  join  to  San  Andreas-Pilarcitos  flow. 
On  the  way  from  Sunol  to  Millbrae  the  pump- 
ing plant  at  Belmont  maintains  the  velocity  of 
flow. 

Distance  from  City  Hall  to  Sunol  Dam,  47 
miles. 

The  Peninsula  System,  containing  three  sto- 
rage reservoirs — Crystal  Springs,  San  Andreas 
and  Pilarcitos — is  located  on  the  San  Francisco 
Peninsula,  south  of  the  City.  The  reservoirs 
are  fed  by  surface  run-off,  and  the  water  is 
carried  by  pipe  lines  and  aqueducts  to  the  City. 

Ordinarily  the  system  is  at  present  operated 
in  two  units.  Crystal  Springs  Reservoir  feeds 
by  gravity  flow  into  University  Mound  Distrib- 
uting Reservoir.  San  Andreas-Pilarcitos  Reser- 
voirs feed  by  gravity  into  some  of  the  higher 
City  Distributing  Reservoirs.  These  two  units 
are  interconnected  at  Millbrae  Pumps,  where 
water  from  Crystal  Springs  supply  can  be 
pumped  into  San  Andreas-Pilarcitos  line  if  re- 
quired; thus  providing  a  valuable  feature  of 
interchangeability  for  the  full  utilization  of  the 
flow  to  the  reservoirs. 

Increase  in  the  capacity  of  the  reservoirs  is 
possible. 

Distance  from  City  Hall  to  Crystal  Springs 
outlet,  20  miles. 

Distance  from  City  Hall  to  San  Andreas  out- 
let, 14  miles. 

Lake  Merced  is  located  in  the  southwest  part 
of  San  Francisco,  largely  within  city  limits. 
The  regulation  reservoir  is  the  lake  itself,  fed 
by  springs  and  surface  run-off.  The  location 
of  the  lake  is  near  sea-level  and  the  water  is 
pumped  directly  from  the  lake  into  the  distrib- 
uting reservoirs. 

Distance  from  City  Hall  to  Lake  Merced,  6 
miles. 

Water  from  any  of  the  above  systems  can  be 
led  to  all  the  distributing  reservoirs,  giving 
great  flexibility  to  the  control  and  safety  of 
supply. 


ALAMEDA  SYSTEM. 


Total  Flow  of  Alameda  Creek  and 
Tributaries  Above  Sunol  Dam. 

"Water  appearing  as  stream  flow  within  the 
Alameda  Creek  drainage  area,  flowing  from  the 
various  tributary  areas  to  join  the  main  stream 
above  Sunol  Dam,  departs  from  the  drainage 
area  partly  as  flow  passing  Sunol  Dam  and 
partly  as  evaporation  from  the  water  while  in 
transit. 

The  flow  at  Sunol  generally  constitutes  the 
larger  quantity,  but  in  years  of  light  rainfall, 
when  the  run-off  at  Sunol  is  greatly  decreased, 
the  proportion  of  water  lost  by  evaporation  be- 
comes considerable. 

The  principal  evaporation  loss  occurs  when 
the  waters  from  the  easterly  tributaries  pass 
with  retarded  flow  the  extensive  gravel  basin 
and  lagoon  lands  in  Livermore-Pleasanton  Val- 
ley on  their  way  to  the  outlet  of  the  drainage 
area  at  Sunol. 

At  Sunol  Dam  the  waters  of  Alameda  Creek 
are  divided  into  two  parts.  A  portion  is  di- 
verted by  the  Spring  Valley  Water  Company 
and  carried  .away  by  the  Sunol  Aqueduct ;  the 
remainder  is  discharged  into  the  Niles  Canyon, 
passing  first  Sunol  Dam  and  later  over  Niles  . 
Dam. 

The  water  diverted  at  Sunol  has,  since  1906, 
been  measured  by  weirs  at  Brightside.  The 
main  portion  of  the  diverted  flow  is  also  shown 
by  the  records  of  pumpage  at  Belmont.  The 
pump  records  commence  in  1888. 

The  records  of  the  pumping  at  Belmont  have 
been  cheeked  and  recomputed,  and  the  records 
of  measurements  at  Brightside  weir  have  also 
been  carefully  checked.  They  are  shown  in 
tabulation. 

To  determine  the  amount  of  diverted  flow, 
the  records  of  the  pumping  at  Belmont  have 
been  accepted  in  preference  to  the  Brightside 
results.  The  two  agree  closely,  considering  the 
use  of  water  between  Brightside  and  Belmont, 
but  there  are  some  breaks  in  the  Brightside 
records,  and,  altogether,  the  Belmont  records 
are  considered  the  more  reliable  and  cover  a 
longer  period. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


Records  of  Overflow  Measurements  at 
Niles  and  Sunol  Dams  Form  the 
Basis  for  a  Correct  Statement 
of  Stream  Discharge. 

The  records  of  gage  heights  at  the  dams 
have  been  minutely  examined  and  great  care 
has  been  exercised  in  the  notation  of  the  re- 
spective widths  of  the  dam,  to  which  these 
heights  apply  from  time  to  time. 

These  gage  heights  have,  apparently,  been 
accurately  kept,  and  if  due  cognizance  is  taken 
of  their  relation  to  the  lines  of  the  structures, 
especially  of  the  Niles  Dam,  they  are  satisfac- 
tory as  a  basis  from  which  to  build  up  a  sub- 
stantially correct  statement  of  the  stream  dis- 
charge. 

As  is  common  in  such  observations,  and  was 
more  common  some  years  ago  than  it  is  now,  the 
measurements  of  flow  over  the  Niles  Dam  were 
made  24  hours  apart,  and  only  a  few  interme- 
diate gagings  were  made  at  flood  stages  dur- 
ing the  period  of  12  years  of  observation  at  this 
dam.  More  frequent  records  during  such  floods 
would  have  given  a  more  accurate  presentation 
of  the  total  discharge. 

At  the  Sunol  Dam,  much  more  frequent  ob- 
servations were  made.  The  result  is  a  profile 
of  gage  heights  more  closely  following  the 
fluctuations  of  the  stream. 

Increase  in  Flow  Over  the  Niles  and 
Sunol  Dams,  Due  to  "Velocity  of 
Approach,"  Entirely  Neglected  in 
Computations  Heretofore  Used  by 
Spring  Valley  Water  Company. 

The  tables  of  stream  discharge  over  the  dams 
heretofore  used  by  and  in  the  files  of  Spring 
Valley  Water  Company  were  calculated  from 
the  gagings  by  means  of  a  weir  formula,  that 
may  not  apply  with  sufficient  accuracy,  alike 
in  regard  to  the  form  of  the  dams,  the  feature 
of.  submergence,  and,  most  vitally  important  of 
all,  the  neglect  of  all  consideration  of  the  effect 
of  "velocity  of  approach",  which  on  both  struc- 
tures is  quite  marked. 

The  discharge  has  therefore  been  recalculated, 
using  the  most  recent  and  generally  adopted 
methods  and  experiments,  in  order  to  arrive  at 
rating  curves  that  would  correctly  and  conserv- 
atively indicate  the  discharge  at  the  various 
stages. 


The  curves  established  by  Prof.  Le  Conte,  as 
a  result  of  his  recent  experiments,  have  been 
duly  considered.  In  these  experiments  the  dams 
were  reproduced  in  a  small  scale. 

The  adopted  run-off  curves  parallel  in  the 
main  those  of  Prof.  Le  Conte  and  other  investi- 
gators, but  give  slightly  greater  discharges  for 
depths  below  9  feet  and  smaller  discharges  above 
that  depth.  The  greater  discharges  on  low  heads 
have  been  confirmed  by  careful  computation, 
and  are  justified  by  the  conditions  and  form 
of  the  structures.  The  higher  heads  are  rarely 
reached  in  the  23  years'  observations.  Use  of 
the  higher  curves  would  not  materially  affect 
the  total  discharge. 

There  is  no  hesitation  in  the  assertion  that 
the  curves  which  have  been  adopted  fairly  rep- 
resent the  actual  discharges. 

All  computations  for  discharge  have  been 
carefully  checked,  and  the  statement  of  stream 
discharges  is  as  accurate  as  can  be  made  from 
the  data  available. 

Errors  in  Discharges  Over  Dams  Due 
to  Single  Daily  Observations, 
Eliminated  by  Compensation  in 
Period  of  Years. 

It  may  be  suggested  that  run-off  deduced 
from  gage  heights  recorded  only  once  in  24 
hours  will  result  in  excessive  discharge. 

Consideration  of  the  records  will,  however, 
prove  the  probability  of  compensation  as  shown 
by  the  following. 

The  increase  of  the  floods  was  generally  much 
more  rapid  than  the  decrease.  This  is  well 
illustrated  on  several  occasions,  notably  in  1891 
and  in  1892,  when  the  records  of  flow  at  the 
Niles  Dam  were  as  follows : 


GAGE  HEIGHTS— NILES  DAM. 


1891. 


Feb.  22 0' 


23. 
24. 
25. 
26. 
27. 
28. 


6' 
4' 


1892. 
Nov.  28 1'     7" 


Mar. 


....  3'  0" 

....  2'  1" 

....  2'  3" 

....  4'  8" 

1 7'  4" 

2 4'  11" 

3 3'  5" 

4 2'  9" 

5 1'  5" 


"     29. 

"      30. 

Dec.     1 . 

2. 

3. 

4. 

5. 


5'     7" 
9'  10" 

r   0" 


5' 
8' 
5' 
3' 


6 3'     0" 

7 2'     3" 


In  both  cases,  the  discharges  calculated  for 
the  first  day,  on  the  depth  given  for  that  day, 
would  unquestionably  represent  a  smaller  vol- 
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ume  than  was  discharged  during  the  24  hours. 
Most  likely  the  increase  began  some  time  dur- 
ing that  first  day,  and  would  swell  the  discharge 
for  that  day  above  that  due  to  the  gage  height 
shown. 

In  the  case  of  extremely  high  discharges  con- 
tinuing for  only  a  few  hours,  as  from  "cloud 
bursts",  infrequent  measurements  might  miss 
the  discharge  entirely,  or  if  the  depth  has  been 
taken  at  the  peak  flood  of  the  flow,  show  dis- 
charges greatly  in  excess  of  the  actual  run-off. 
But  the  record  of  gage  heights  show  little  or 
no  evidence  of  the  occurrence  of  such  torrential 
floods,  the  fluctuations  being  due  to  normal  rise 
of  the  stream,  following  the  rains,  and  marked 
by  a  sudden  increase  of  considerable  depth. 

The  discharge  for  each  day  has  been  calcu- 
lated from  the  depth  of  water  noted  that  day, 
for  instance,  6  inches  depth  on  February  22nd, 
1891,  as  in  above  statement,  and  not  for  the 
average  depth  of  that  day  and  the  next  succeed- 
ing day. 

Conditions  similar  to  those  quoted  in  the 
years  1891  and  1892  prevail  more  or  less  ac- 
centuated, at  the  beginning  of  the  period  of 
flood  in  each  year  when  the  gagings  were  made 
at  the  Niles  Dam. 

As  previously  stated  the  notations  of  gauge 
heights  were  more  frequently  made,  especially 
during  flood  stages,  at  the  Sunol  Dam  than  at 
the  Niles  Dam. 

To  determine  the  difference  in  the  results  ob- 
tained from  the  daily  gage  heights  and  from 
the  varying  heights  recorded  during  flood  stages, 
the  discharges  over  the  Sunol  Dam,  from  the 
season  1900-01  to  the  season  1911-12,  inclusive 
— have  been  computed,  first  from  the  fluctuat- 
ing heights  as  recorded,  in  some  instances  15 
minutes  apart,  and  second  from  the  height  of 
gage  recorded  at  8  a.  m.  on  each  day,  and  the 
comparative  results  are  shown  below: 

PLOW  OVER  SUNOL  DAM. 

Computed  Computed 

From  From 

Season.        Varying  Heights  8  a.  m.  Gage  Heights 

M.  G.  M.  G. 

1900-01 38,936  40,130 

1901-02 25,472  25,051 

1902-03 34,945  31,097 

1903-04 29,907  29,837 

1904-05 14,579  14,579 

1905-06 60,565  63,063 

1906-07 100,154  98,307 


1907-08 14,723  14,957 

1908-09 78,002  78,711 

1909-10 25,264  24,425 

1910-11 87,049  88,056 

1911-12 5,043  5,627 

Total 514,639  513,840 

8  a.  m,  gage  heights — 99.8  per  cent  of  vary-  - 
ing  heights. 

The  total  difference,  in  these  12  seasons, 
amounts  to  799  million  gallons,  or  66.6  million 
gallons  per  annum,  or  182,466  gallons  per  day 
less  by  computing  from  the  daily  gage  heights 
recorded  then  from  the  fluctuating  gage  heights 
recording  during  the  floods. 

The  greatest  difference  in  any  one  season  is 
in  1902-03,  when  the  result  computed  from  the 
daily  gage  heights  is  less  than  that  from  the 
varying  heights  in  a  total  volume  of  3,848  mil- 
lion gallons,  or  89  per  cent  of  the  volume  ob- 
tained by  the  varying  heights. 

The  next  greatest  difference  is  in  the  season 
1905-06  when  the  result  computed  from  the 
daily  gage  heights  is  more  than  that  from  the 
varying  heights  in  a  total  volume  of  2,498  mil- 
lion gallons,  or  4.12  per  cent  more  than  the  vol- 
ume obtained  by  the  varying  heights. 

That  illustration  justifies  the  conclusion  that 
the  quantities  obtained  by  computation  of  the 
daily  gage  heights  over  the  period  of  years  at 
the  Niles  Dam  will  result  in  a  close  approxi- 
mation to  the  quantities  that  would  have  been 
obtained  from  more  frequent  gagings  at  shor- 
ter intervals,  that  compensation  occurs,  and  that 
the  maximum  in  any  one  season  will  not  mate- 
rially affect  the  results  in  that  season,  and  be 
entirely  eliminated  in  a  period  of  10  or  12 
years. 

Present  Evaporation  Loss  From 
Saturated  Soils  in  Livermore 
Valley  20  M.  G.  D. 

In  some  respects  the  eastern  portion  of  Ala- 
meda Creek  Drainage  Area  resembles  those 
water  systems  that  exist  in  South  Central 
Oregon  and  elsewhere. 

There  are  in  that  territory  several  complete 
drainage  areas  that  have  no  outlet  to  the  sea. 
The  streams  rise  in  mountain  ranges,  and  flow 
some  distance,  and  then  discharge  into  a  lake, 
having  no  outlet  and  impervious  bottom. 
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In  such  water  systems,  the  evaporation  losses 
from  the  water  surface  of  the  lake  and  river 
equals  the  entire  observed  stream  flow.  The 
level  of  the  lakes  fluctuate  but  little  from  year 
to  year.  Some  of  these  rivers  carry  large  vol- 
umes of  water  and  drain  large  areas. 

As  shown  in  more  detail  by  Report  on  Evapo- 
ration from  Wet  Lands  in  Livermore  Valley 
(page  482)  a  lake  or  lagoon  has  been  known  to 
always  exist  in  the  lower  part  of  the  valley. 

On  the  basis  of  most  recent  and  accurate  tests 
made,  the  loss  of  water  by  evaporation  from 
this  lagoon  has  been  established  as  averaging 
20  to  24  M.  G.  D.  before  the  drainage  worlvs 
recently  put  in  operation  were  constructed. 

The  further  loss  by  evaporation,  sustained 
while  the  water  is  flowing  in  natural  channel, 
from  the  subdivision  points,  at  which  impound- 
ing works  would  be  constructed,  to  Sunoi,  has 
not  been  determined.  That  loss  is  considerable 
and  would  be  largely  obviated  by  the  construc- 
tion of  closed  conduits  conveying  the  water 
from  the  impounding  reservoirs.  Addition  of 
some  volume  representing  this  saving  to  the 
estimates  of  segregated  flows  could  therefora, 
justly  be  made.  The  fact  that  this  has  not 
been  done  adds  a  margin  of  safety  to  the  cal- 
culations. 

Total  Flow  Front  Alameda  System, 
Including  Recoverable  Losses 
From  Evaporation,  Not  Less 
Than  172  to  176  M.  G.  D. 

The  total  discharge  at  Sunol  for  the  seasons 
1889-90  to  1911-12,  amounts  to  1,278,890  M.  G., 
giving  an  average  discharge  for  the  23  seasons 
of  55,604  M.  G.  per  year,  or  152.33  M.  G.  daily. 

In  order  to  determine  the  total  water  yield 
of  all  the  separate  drainage  areas,  the  various 
losses  sustained,  must  be  added  as  not  .appearing 
in  the  volume  at  Sunol.  These  are  due  to  evapo- 
ration from  the  saturated  areas,  to  loss  in  tran- 
sit, and  to  local  consumption.  Of  these,  evapo- 
ration from  Pleasanton  Lagoon  alone  amounts 
to  from  20  to  24  million  gallons  daily. 

The  tributary  stream  flow  within  the  drain- 
age area  above  Sunol  must  therefore  amount  to 
a  total  of  not  less  than  172  to  176  M.  G.  daily 
average  flow  for  the  23  year  period.  In  this  is 
not  included  loss  from  river  flow  and  local  con- 
sumption, which  would  swell  the  total  of  the 


discharge  that  could  be  gaged  or  measured  out 
of  each  tributary  drainage  area. 

Flow  From  Various  Tributaries  of 
Alameda  Creek  Can  be 
Completely  Regulated. 

The  sites  for  reservoirs  and  impounding 
works  contemplated  for  complete  regulation  of 
the  natural  stream  flow  from  season  to  season 
and  year  to  year  are  located  on  the  various 
tributaries. 

The  total  available  regulated  flow  from  the 
system,  will  be  the  sum  of  the  flow  delivered 
in  proper  conduits  from  the  various  parts. 

It  is  therefore  necessary,  in  order  to  derive 
conclusions  as  to  the  safe  yield  from  the 
streams,  to  distribute  and  segregate  the  total 
flow,  and  apportion  the  same  to  the  various 
subdivisions. 

These  subdivisions  are  shown  on  the  accom- 
panying maps  as  proposed  by  previous  investi- 
gators. For  these  investigations  subdivision 
shown  on  map  (page  138)  has  been  used. 

Comparatively  little  data  is  available,  di- 
rectly showing  the  stream  flow  of  tributaries, 
and  a  greater  number  of  observations,  main- 
tained over  a  period  of  years,  at  gaging  sta- 
tions throughout  the  various  areas  would  have 
been  desirable. 

Available  Records  Enable  Accurate 
Determination  of  Contribution  of 
Flow  From  Various  Tributaries. 

The  period  of  23  years  during  which  observa- 
tions have  been  made  is  sufficiently  long  to 
embrace,  in  all  probability,  the  extreme  varia- 
tions of  flow. 

With  the  observations  available,  it  is  possi- 
ble by  careful  study  of  the  rainfall  records, 
the  hydrographie  characteristics  of  the  areas 
themselves  and  the  flow  at  Sunol,  to  arrive  at 
fairly  accurate  conclusions  of  the  separate 
amounts  from  each  tributary,  if  the  losses  oc- 
curring during  the  flow  of  water  from  the  trib- 
utaries are  borne  fully  in  mind. 

Rainfall  records  for  a  great,  number  of  sta- 
tions, covering  the  whole  period  of  observa- 
tions at  each  of  them,  have  been  prepared  after 
thorough  examination  of  original  records  (page 
445.)  No  attempt  has  been  made  to  interpolate 
or  estimate  precipitation  in  seasons  for  which  ob- 
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servations  are  lacking.  The  records  subniitted 
represent  only  an  accurate  statement  of  ob- 
served rainfall. 

The  rainfall  tables  have  been  utilized  in 
the  distribution  of  the  total  run-off  among  the 
various  drainage  areas  composing  the  total 
watershed.  Full  consideration  has  been  'given 
to  anniial,  seasonal  and  monthly  differences  at 
the  various  stations  in  the  immediate  vicinity 
of  the  drainage  areas  considered.  In  general 
it  has  not  been  attempted  to  build  up  theoreti- 
cal curves  of  run-off  from  these  records  of  rain- 
fall. 

Calaveras  Hydrographic  Data  of 
Material  Assistance  in 
Determination  of  Run-off. 

Calaveras  Creek  occupies  the  most  important 
section.  While  its  drainage  area  is  not  the 
largest,  it  is  the  most  productive  of  water,  by 
reason  of  its  position  and  characteristics.  It 
has  greater  rainfall  than  any  other  section. 

Rainfall  observations  within  the  area  have 
been  maintained  at  Calaveras  Damsite  since 
1874,  with  the  exception  of  two  seasons,  and  at 
Lick  Observatory,  Mount  Hamilton,  since  1881. 

The  stream  flow  was  observed  continuously 
from  1898  to  1908,  with  exception  of  part  of 
1905,  and  subsequently  from  1910  to  the  present 
time.  The  work  was  not  very  methodical  be- 
fore 1910,  but  the  discharges  computed  from  all 
of  the  records  obtainable,  prove  of  material 
assistance  in  the  determination  of  the  relation 
of  the  Calaveras  run-off  to  the  total  Sunol  run- 
off. 

In  the  first  period  of  these  observations,  ex- 
tending from  1898-99  to  1903-04,  the  records 
vary  from  depths  over  a  weir,  to  depths  and 
widths  over  prescribed  lengths  of  channel.  The 
original  notes  do  not  set  out  the  cross  section  of 
the  stream,  but  some  data  in  this  regard  is 
available  in  the  Spring  Valley  Water  CStapany 
files.  Careful  investigation  of  all  data,  shows 
results  that  are  undoubtedly  substantially  cor- 
rect. 

The  records  for  the  remainder  of  the  period 
are  not  so  clear,  though  with  care  in  examina- 
tion and  computation,  resulting  in  many  altera- 
tions of  the  results  formerly  used  by  the  Spring 
Valley  Water  Company,  volumes  that  bear  a 
reasonable  relation  to  the  rainfall  recorded  in 
the  various  years  have  been  established. 


Prom  the  stream  flow  observations,  it  is  evi- 
dent that  run-off  commences  almost  invariably, 
immediately  following  an  accumulated  rainfall 
of  5  inches. 

The  observed  flow  for  the  season  of  1911-12 
is  reliable.  Regular  and  methodical  observa- 
tions of  depth  were  made,  and  the  discharges 
are  based  upon  current  meter  measurements. 
The  observations  are  of  special  value  as  show- 
ing a  comparatively  low  yield  in  a  year  of  next 
to  the  lowest  rainfall,  observed  at  Calaveras, 
since  1889. 

The  above  two  items  provide  starting  points 
for  the  rainfall  and  run-off  curve  presented  on 
page  140. 

In  order  to  determine  the  flow  each  year,  the 
records  of  rainfall  at  Calaveras  were  considei-ed 
for  each  season,  month  by  month,  and  in  some 
instances,  daily.  To  determine  the  yield,  de- 
duction was  made  of  5  inches  at  the  beginning 
of  each  season's  precipitation,  as  the  amount  re- 
quired for  original  saturation,  and  of  2  inches 
per  month  after  saturation  for  evaporation. 
The  balance  was  considered  as  "effective"  rain- 
fall, and  the  whole  volume,  from  that  precipita- 
tion on  the  entire  drainage  area,  plotted  on  a 
diagram.  The  result  was  then  reviewed,  taking 
into  consideration  the  effect  of  the  rainfall  at 
Mount  Hamilton  upon  the  upper,  and  larger, 
portion  of  the  drainage  area. 

The  seasonal  flow  thus  obtained  for  the 
whole  period  was  compared  with  the  volume  of 
flow  calculated  from  the  observations  from  1898 
to  1908.  These  calculated  stream  flows,  to- 
gether with  the  run-offs  adopted  in  each  year, 
and  the  corresponding  rainfall  are  shown  on 
the  Diagram  of  Rainfall  and  Run-off.  (Page 
140.) 

Run-off  Varies  With  Meteorological 
Conditions. 

The  investigations  show  a  difference  in  run- 
off, from  the  same  or  approximately  the  same 
total  rainfall.  This  is  inevitable,  and  would  be 
experienced,  due  to  the  different  intensity  of 
the  rainfall  in  the  various  periods. 

The  great  run-off  in  1889-90,  with  the  greatest 
rainfall,  45.5  inches,  is  readily  accounted  for 
by  consideration  of  the  rainfall  record  for  that 
season.  After  two  months  of  more  than  av- 
erage rain  (9.60  inches  total),  follow  two 
months  with  a  precipitation  exceeding  10  inches 
in  each  month,  and  following  them  again,  two 


142 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


months  of  more  than  average  precipitation 
(9.19  inches  totajl).  The  conditions  result  in 
excessive  saturation  and  extreme  readiness  to 
flow. 

The  large  volume  of  the  observed  flow  in  the 
season  of  1906-07  may  be  explained  on  similar 
conditions.  In  that  season  of  comparatively 
high  rainfall  (32.98  inches  at  Calaveras),  prac- 
tically 65  per  cent  of  the  total  effective  rainfall 
occurred  in  one  month,  March,  preceded  by  one 
month  of  rainfall  just  above  the  allowance  for 
evaporation  and  preceeding  that,  two  months  of 
excessive  precipitation  (14.44  inches).  In  addi- 
tion to  these  conditions,  the  rainfall  at  Mount 
Hamilton  during  that  season  was  30  per  cent 
in  excess  of  that  at  Calaveras,  being  43.34 
inches  for  the  season.  The  maximum  monthly 
rainfall  at  Mount  Hamilton  occurred  in  the 
same  month,  March,  as  at  Calaveras. 

As  the  results  of  all  the  considerations  closely 
agree,  the  conclusion  is  inevitable  that  the  vol- 
umes of  run-off  adopted  for  each  yeatr  at  Cala- 
veras must  correctly  represent  the  discharge  of 
the  stream.  They  will  afford  a  reasonable 
foundation  for  apportioning  the  remaining  vol- 
ume of  the  total  Sunol  run-off  to  the  other 
divisions  of  the  tributary  area. 

Determination  of  Run-off  From 
Upper  Alameda  Creek. 

The  only  data  available  for  comparison  of 
the  run-off  of  the  Upper  Alameda  Creek  with 
that  of  Calaveras  Creek,  or  with  the  total  Sunol 
run-off,  consist  of  observations  of  flow  from 
March,  1911,  to  the  present  time.  The  flow  has 
been  established  by  current  meter  measure- 
ments. 

For  the  period  preceding  July,  1911,  these 
observations  show  a  run-off  of  29.4  per  cent  of 
the  Calaveras  Creek  run-off.  For  the  period' 
Erom  July,  1911,  to  June,  1912,  the  run-off  is  31 
per  cent  of  Calaveras.  The  relation  is,  natur- 
ally, one  of  marked  variations.  The  dry  season 
flow  of  Upper  Alameda  Creek  is  low,  actually 
and  comparatively  receding  to  5.43  million 
gallons  for  the  month  of  October,  1911 ;  and 
during  that  period  the  percentage  falls  as  low 
as  from  5  to  11  per  cent.  During  the  period  of 
high  flow  the  percentage  increases,  ranging 
from  20  to  39  per  cent. 

The  hydrographic  conditions  of  Upper  Ala- 


meda Creek  differ  from  those  of  Calaveras 
Creek  in  some  respects.  All  conditions  indicate 
the  probability  of  slightly  reduced  rainfall,  due 
to  topographic  features  and  position  of  the  area 
in  relation  to  the  direction  of  prevailing  winds. 
Soil  conditions  are  such  that  a  reduced  run-off 
would  result  from  the  same  rainfall.  Altogether 
the  conclusion  would  be  that,  from  the  same 
rainfall,  the  run-off  per  square  mile  from  Upper 
Alameda  drainage  area  would  be  about  70  per 
cent  of  the  Calaveras  Creek  run-off.  As  the 
Upper  Alameda  area  is  34.6  $er  cent  of  the 
Calaveras  area,  this  would  result  in  a  total 
slightly  in  excess  of  24  per  cent. 

In  distributing  the  total  Sunol  flow,  it  has 
been  assumed  that  the  contribution  from  Upper 
Alameda  Creek  is  25  per  cent  of  the  total  run- 
off of  Calaveras  Creek. 

From  this  general  rule,  one  exception  must 
be  noted,  the  season  of  1889-90.  Reference  has 
already  been  made  to  the  intensity  of  the  rain- 
fall in  that  season,  and  it  is  believed  that  the 
conditions  leading  to  an  excessive  run-off  for 
Calaveras  Creek  area  would  exist  on  Upper  Ala- 
meda Creek  area.  For  that  season,  the  run-off 
per  square  mile  on  the  Upper  Alameda  Creek 
is  considered  to  be  the  same  as  from  Calaveras 
Creek. 

Results  From  Run-off  Curve  for 

San  Antonio  Conform  in  Variation 
to  Run-off  at  Sunol  Dam. 

For  the  San  Antonio  Creek  drainage  area 
there  are  neither  rainfall  observations,  nor 
stream  measurements  available. 

The  western  and  upper  part  of  the  area  would 
undoubtedly  be  affected  by  a  rainfall  similar  to 
that  of  the  Calaveras  drainage,  though  undoubt- 
edly reduced,  as  the  clouds,  passing  over  the 
high  ridges  enclosing  the  Calaveras  area,  are 
stripped  of  the  greater  part  of  their  moisture. 
The  rainfall  in  the  lower  and  eastern  section 
of  the  area,  would  probably  more  nearly  ap- 
proach the  precipitation  in  the  Livermore  Val- 
ley. 

The  soil  conditions  in  the  San  Antonio  area 
are  not  quite  so  favorable  to  effective  run-off 
as  Calaveras,  indicating  somewhat  greater  ab- 
sorption. On  the  other  hand,  the  run-off  condi- 
tions of  Calaveras  would  more  nearly  govern 
than  those  of  the  Livermore  Valley. 
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After  thorough  consideration,  the  rainfall  as 
recorded  at  Livermore,  applied  to  the  run-off 
curve  for  Calaveras  was  adopted  as  applicable, 
and  the  adopted  amounts  varied  in  relation  to 
the  general  proportion  of  the  total  Sunal  run- 
off, as  these  vary  from  season  to  season. 

Run-off  per  Square  Mile  From  Sunol 
Area  and  Sinbad  Creek 
Resembles  San  Antonio. 

In  the  Sunol  area,  rainfall  observations  have 
been  maintained  at  Sunol  for  the  whole  period 
of  23  years. 

Using  the  same  method  as  for  Calaveras,  that 
is,  making  deduction,  first  for  original  satura- 
tion, and  monthly  thereafter  for  evaporation, 
but  altering  the  amounts  to  8  and  3  inches,  re- 
spectively, total  seasonal  run-offs  are  obtained, 
bearing  reasonable  relation  to  the  run-off  per 
square  mile  in  the  other  areas. 

The  results  show  run-offs  per  square  mile 
which,  on  the  whole,  resemble  those  of  the  San 
Antonio  area.  Topographical  conditions  and 
general  characteristics  indicate  the  probability 
of  a  better  yield. 

Hydrographic  Data  at  Arroyo  Valle 
Indicates  Conditions  of  Its 
Stream  Discharge. 

The  data  available  for  Arroyo  Valle  are  con- 
fined to  rainfall  records  and  stream  flow  ob- 
servations for  only  four  seasons,  1904-05  to 
1907-08. 

The  results  from  the  flow  observations  are 
shown  in  the  tabulation  of  Arroyo  Valle  gaging. 
(Page  478.) 

The  records  are  not  complete  for  any  entire 
season,  although  the  main  periods  of  flow  no 
doubt  were  those  to  be  recorded.  The  calculated 
flow,  therefore,  must  be  taken  as  indicative  of 
general  conditions  of  stream  discharge,  rather 
than  as  showing  the  exact  amount  of  water. 

The  conclusion  is  inevitable  that  the  lower 
section  of  the  area  will  be  affected  by  a  rainfall 
similar  to  that  at  Livermore,  and  the  upper  sec- 
tion by  a  rainfall  as  at  Mount  Hamilton,  or 
rather  by  that  rainfall  somewhat  reduced  in 
volume.  On  both  sections,  the  run-off  will  be 
governed  by  conditions  differing  from  Cala- 
veras. 

The  areas  considered  are,  first,  that  part  of 
Arroyo  Valle,  lying  above  the  reservoir  site. 


and  second,  that  part  below  as  shown  by  the  two 
divisions  indicated  on  the  map.     (Page  138.) 

For  the  lower  area,  the  rainfall  at  Livermore 
was  adopted  and  distributed  for  each  season  on 
the  basis  of  8  inches  for  original  saturation,  and 
3  inches  per  month  evaporation.  For  the  upper 
area,  the  Mount  Hamilton  rainfall  reduced  10 
per  cent  was  adopted  and  distributed  on  the 
same  basis  as  in  the  other  area. 

The  preliminary  results  were  checked  against 
run-off  from  all  remaining  sections  of  the  area 
tributary  above  Sunol.  Taking  the  rainfall  at 
Livermore  and  calculating  the  run-off  by  first 
deducting  8  inches  for  complete  saturation  and 
3  inches  per  month,  subsequently  for  evap- 
oration, results  were  derived  that,  with  some 
modifications  due  to  local  and  seasonal  varia- 
tions, compared  closely  with  the  results  ob- 
tained for  Arroyo  Valle  Creek.  They  confirm 
the  conclusion  that  Arroyo  Valle  yields  ap- 
proximately one-half  of  the  total  run-off  from 
the  upper  area  outside  of  Calaveras,  Upper 
Alameda,  San  Antonio  and  Sunol-Sinbad  areas. 
The  proportion  varies  with  the  seasons  and  the 
intensity  of  the  rainfall. 

Run-off  From  Livermore  Valley 
Indicates  Greater  Loss  From 
Evaporation  Than  Other 
Tributaries. 

The  method  of  determination  of  run-off  from 
Livermore  Valley  follows  the  lines  set  out  in 
the  preceding  pages. 

The  rainfall  at  Livermore  was  adopted  for 
the  whole  area  and  run-off  calculated  deduct- 
ing first  8  inches  for  saturation,  and  subse- 
quently 3  inches  per  month  for  evaporation. 

This  method  will  frequently  show  a  lack  of 
run-off  from  a  greater  rainfall  than  8  inches, 
or  even  11  inches,  and  will  as  frequently  show 
lack  of  run-off  for  dry  years.  This  is  believed 
to  be  consistent  with  the  actual  conditions. 

The  flow  from  the  whole  area  was  distributed 
to  the  various  portions  of  the  Livermore  Valley 
in  direct  relation  to  their  areas,  with  the  excep- 
tion of  Arroyo  Mocho. 

Run-off  per  Square  Mile  From  Arroyo 
Mocho  Nearly  60  per  Cent  of 
Run-off  per  Square  Mile  From 
Arroyo  Valle. 

The  Arroyo   Mocho  area  was   considered   as 


ALAMEDA  SEGREGATED  FLOW  163.29  M.  G.  D. 
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bearing  to  the  Arroyo  Valle  approximately  the 
same  relation  as  Upper  Alameda  does  to  Cala- 
veras, probably  with  a  lower  percentage  of  run- 
off per  square  mile,  being  more  nearly  60  per 
cent  than  70  per  cent  of  the  Arroyo  Valle  run- 
off. 

The  final  findings,  showing  the  segregated 
flow  from  each  of  the  tributaries,  are  assembled 
in  the  Tabulation  of  Segregated  Flow.  (Page 
146.) 

The  sum  total  of  all  segregated  flows  amount 
to  163.29  M.  G.  D. 


In  the  chapter  of  Total  Flow  has  been  shown 
that  the  sum  of  flow  at  Sunol,  and  loss  by  evap- 
oration from  water  in  transit,  corresponds  to  a 
total  flow  from  tributaries  of  172  to  176  M. 
G.  D. 

The  results  of  the  segregation  studies  are 
therefore  low  and  conservative.  In  view  of  the 
entirely  different  methods  by  which  the  two  re- 
sults have  been  derived,  the  conclusions  agree 
remarkably  well. 
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REGULATED  FLOW  FROM  ALAMEDA 
SYSTEM. 

In  order  to  arrive  at  a  conclusion  of  the  safe 
daily  yield  from  the  whole  Alameda  System  it 
is  necessary  to  consider  what  regulated  flow  can 
be  drawn  from  the  various  subdivisions  and 
the  method  required  in  each  case  to  reflate 
the  flow.  In  the  previous  chapter  has  been 
shown  the  tributary  stream  flow  of  the  subdi- 
visions. 

Regulated  Flow  From  Calaveras 
Reservoir. 

Calaveras  Reservoir  will  be  supplied  by  the 
natural  flow  of  Calaveras  Creek,  together  with 
diverted  flow  of  Upper  Alameda  Creek. 

It  is  proposed  to  construct  the  dam  to  ele- 
vation 800,  with  a  highwater  line  at  elevation 
780.  At  that  latter  elevation,  the  storage  ca- 
pacity of  the  reservoir  will  be  46,315  million 
gallons.  The  storage  capacity  at  elevation  795, 
or  5  feet  below  the  crest  of  the  dam,  will  be 
55,000  million  gallons,  or  an  addition  of  8,685 
million  gallons ;  this  will  be  regarded  as  re- 
serve storage  capacity. 

In  the  following  derivation  of  regulated  flow 
from  the  two  streams  a  capacity  of  46,315  mil- 
lion gallons  only  is  first  considered.  Excess  flow 
is  then  noted,  and  regulated  by  additional  stor- 
age as  subsequently  commented  upon. 

With  a  dam  constructed  on  Calaveras  Creek, 
all  of  the  waters  of  that  Creek  would  be  avail- 
able for  storage.  This  might  not  be  true  of  the 
peak  floods  of  the  Upper  Alameda  Creek,  as 
these  might  be  in  excess  of  the  transporting 
capacity  of  the  diversion  canal  to  be  constructed, 
connecting  Upper  Alameda  with  Calaveras  Res- 
ervoir. 

Good  judgment  must  be  exercised  in  deter- 
mining the  dimensions  of  the  diversion  canal. 
This  is  specially  true,  as  the  knowledge  of  ex- 
treme floods  is  not  too  extensive  at  this  time. 

There  is  to  be  noted  a  peak  flood  of  51  mil- 
lion gallons  per  day  per  square  mile  on  the 
Upper  Alameda  Creek  in  1906,  equivalent  to, 
approximately,  79  cubic  feet  per  second  per 
square  mile,  or  about  2,730  cubic  feet  per  second 
from  the  whole  area  of  34.6  square  miles.  There 
is  no  record  of  the  duration  of  this  flood. 

The  later  continuous  measurements  of  Upper 
Alameda  Creek  from  1910  to  the  present  time 


show  a  maximum  flood  occurring  in  March, 
1911,  with  a  discharge  of  2,341-8  million  gal- 
lons in  24  hours  or  3,625  cubic  feet  per  second 
with  about  one  half  of  that  volume  on  the  pre- 
ceding and  about  one-fifth  of  it  on  the  follow- 
ing day. 

With  an  aqueduct,  preferably  a  tunnel,  of 
ordinary  capacity,  say  from  1,500  to  2,000  cubic 
feet  per  second,  there  would,  doubtless,  be  oc- 
casions at  long  intervals,  when  for  a  short 
period,  the  peak  of  the  flood  might  be  lost. 
Some  of  that  loss  could  be  prevented  by  mak- 
ing the  diversion  dam  of  some  height,  not  so 
much  for  the  purpose  of  creating  a  small  stor- 
age in  Upper  Alameda  Creek  itself,  as  for  in- 
creasing the  head  on  the  tunnel  during  short 
periods  of  flood. 

At  any  rate,  the  amount  of  loss  incurred 
would  be  a  very  small  percentage  of  the  total 
volume  in  any  year,  and,  in  a  long  period, 
would  probably  not  amount  to  1  per  cent  of  the 
total  flow. 

The  following  tables  (pages  151-155),  showing 
the  distribution  of  the  combined  Calaveras  and 
Upper  Alameda  Creek  flows  over  the  whole 
period  from  1889  to  the  present  time,  are  largely 
self-explanatory. 

The  total  flows  previously  developed  in  the 
general  distribution  have  been  distributed 
monthly,  in  proportion  to  the  total  Sunol  run- 

ofe. 

The  table  assumes  the  reservoir  empty  at  the 
beginning  and  a  continued  draft  of  57  million 
gallons  daily. 

Evaporation  has  been  deducted  monthly,  on 
the  basis  of  a  total  of  4  feet  per  annum,  dis- 
tributed on  ratios  shown  in  the  accompanying 
report  on  evaporation.     (Page  482.) 

Nothing  has  been  added  on  account  of  the 
saving  caused  by  the  seasonal  rainfall  falling 
on  the  water  surface  of  the  reservoir.  This 
would  be  a  total  gain,  and  could  be  fairly  added 
to  the  final  results. 

From  the  first  analysis  of  these  tables  it  is 
evident  that,  from  the  combined  flow  of  Cala- 
veras and  Upper  Alameda  Creek,  a  daily  dis- 
charge of  57  million  gallons  could  be  secured 
and  that  there  would  be  stored  at  the  end  of 
the  period,  26,866  million  gallons.  There  would 
also  be  a  surplus  of  145,312  million  gallons. 

The  lowest  storage  reached  is  7,116  million 
gallons  at  the    beginning    of    February    1904. 
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But,  as  shown  later,  there  were  still  8,685  mil- 
lion gallons  in  reserve  at  Calaveras  Reservoir 
and  3,150  million  gallons  in  reserve  at  Crystal 
Springs  Reservoir,  a  total  of  18,951  million  gal- 
lons, or  slightly  over  90  per  cent  of  one  year's 
supply  on  a  daily  consumption  of  57  million 
gallons.  This  condition  was  immediately  pre- 
ceding the  season  of  run-off. 

The  lowest  storage  at  the  beginning  of  any 
dry  season  is  16,989  millions  gallons,  at  the  first 
of  July,  1903.  At  that  time  there  were  8,685 
million  gallons  in  reserve  at  Calaveras  Reser- 
voir, and  9,600  million  gallons  in  reserve  at 
Crystal  Springs  Reservoir,  a  total  of  35,274  mil- 
lion gallons.  This  is  1  year  and  8  months  sup- 
ply on  a  daily  consumption  of  57  million  gal- 
lons. 

In  order  to  regulate,  as  far  as  possible,  the 
surplus  of  145,312  million  gallons,  part  would 
be  held  by  the  additional  storage  capacity  in 
the  Calaveras  Reservoir  of  8,685  million  gal- 
lons, from  the  water  line  of  elevation  780  to  the 
line  5  feet  below  the  crest  elevation  800,  or  ele- 
vation 795,  and  part  would  be  diverted  to  Crys- 
tal Springs  Reservoir    through  an  aqueduct  to 


be  constructed  with  a  capacity  of  250  million 
gallons  per  day,  Crystal  Springs  Dam  to  be 
raised  and  capacity  increased. 

In  view  of  the  large  volume  of  the  floods,  it 
is  entirely  possible  that  some  portion  of  this 
surplus  of  145,312  million  gallons  would  be 
wasted.  The  capacity  of  the  Crystal  Springs 
conduit  might  not  be  large  enough  to  transport 
both  the  daily  draft  and  the  excess  waters  as 
they  came.  With  the  best  judgment  exercised 
in  the  limitation  of  the  dimensions  of  that  con- 
duit, it  might  not  be  economical  to  attempt  to 
conserve  all  of  that  flow. 

The  following  table  showing  conservation  of 
the  surplus  is  based  on  a  conduit  capacity  of 
250  million  gallons  per  day,  conveying,  first,  57 
M.  G.  D.,  as  the  daily  draft,  and,  second,,  its  full 
capacity  beyond  that  to  Crystal  Springs  Reser- 
voir, any  quantity  beyond  the  combined  amount 
of  250  M.  G.  D.  being  considered  waste. 

The  tabulation  shows  that,  of  the  total, 
145,312  million  gallons,  123,249  million  gallons 
can  be  conserved  corresponding  to  14.67  M.  G. 
D.  for  23  years  additional  to  the  daily  draft  of 
57  M.  G.  D.,  and  that  22,063  million  gallons  or 
2.63  M.  G.  D.  would  be  wasted.     (Page  156.) 


CALAVERAS  EESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  57  M.  G.  D. 


1889-90. 


Stored  at      InBow        Total  Draft. 

first  for  for  for 

of  montn,     month.       month.  month. 

M.  G.  M.  G.  M.  G.  M.  G. 

July 

August 

September 

October ' ' 

November 

December 19,9ii     19,911  1,767 

January 18,130     37,666     55,796  1,767 

February 46,315     17,951     64,266  1,596 

March 46,315     10,205     56,520  1,767 

April 46,315       2,499     48,814  1,710 

May 46,315       1,400     47,715  1,767 

June       45,722  550     46,272  1,710 


Re- 
mainder, 
M.  G 


Surface 

area 

c-nd  of 

month, 

acres, 


July 44,249  390  44,639  1,767 

August 42,498  336  42,834  1,767 

September 40,722  305  41,027  1,710 

October 39,021  317  39,338  1,767 

November 37,426  317  37,743  1,710 

December 35,952  625  36,577  1,767 

January 34,770  670  35,440  1,767 

February 33,634  7,473  41,107  1,596 

March 39,471  8,400  47,871  1,767 

April      45,995  1,540  47,535  1,710 

May 45,667  704  46,371  1,767 

June 44,380  430  44,810  1,710 


July 42,792  405  43,197  1,767 

August         41,062  205  41,267  1,767 

September        39,161  175  39,336  1,710 

October 37,336  170  37,506  1,767 

November 35,597  163  35,760  1,710 

December 33,971  3,390  37,361  1,767 

January 35,555  1,726  37,281  1,767 

February 35,474  1,786  37,260  1,653 

March 35,567  6,200  41,767  1,767 

April 39,897  4,000  43,897  1,710 

May 42,037  2,400  44,437  1,767 

June 42,452  630  43,082  1,710 


July 41,070  170  41,240  1,767 

August 39,113  90  39,203  1,767 

September 37,105  60  37,165  1,710 

October 35,173  60  35,233  1,767 

November 33,328  8,330  41,658  1,710 

December 39,867  23,840  63,707  1,767 

January 46,315  7,385  53,700  1,767 

February 46,315  13,120  59,435  1,596 

March 46,315  3,245  49,560  .    1,767 

April 46,315  2,970  49,285  1,710 

May 46,315  1,210  47,525  1,767 

June         45,532  270  45,802  1,710 


July 43,780  260  44,040  1,767 

August 41,900  200  42,100  1,767 

September 39,990  140  40,130  1,710 

October 38,128  100  38,228  1,767 

November 36,318  140  36,458  1,710 

December 34,668  270  34,938  1,767 

January 33,132  9,690  42,822  1,767 

February     41,015  22,010  63,025  1,596 

March 46,315  2,290  48,605  1,767 

April     46,315  560  46,875  1,710 

May 45,008  350  45,358  1,767 

June     43,369  240  43,609  1,710 


18,144 
54,029 
62,670 
54,753 
47,104 
45,943 
44,562 

1890-91. 
42,872 
41,067 
39,317 
37,571 
36,033 
34,810 
33,673 
39,511 
46,104 
45,825 
44,604 
43,100 

1891-92. 
41,430 
39,500 
37,626 
35,739 
34,050 
35,594 
35,514 
35,607 
40,000 
42,187 
42,670 
41,372 

1892-93. 
39,473 
37,436 
35,455 
33,466 
39,948 
61,940 
51,933 
57,839 
47,793 
47,575 
45,758 
44,092 

1893-94. 
42,273 
40,333 
38,420 
36,461 
34,748 
33,171 
41,055 
61,429 
46,838 
45,165 
43,591 
41,899 


Average 
area, 
acres. 


Evapora-  Evapora-  Total  at 

tion  for    tlon  loss      end  of  In  reser-  Sur- 

month,  for  month,  month,  voir,  plus 

feet.        M.  G.         M.  G.  M.  G.  M.  G, 


1,055 
1,736 
1,736 
1,736 
1,736 
1,728 
1,700 


1,672 
1,636 
1,603 
1,570 
1,541 
1,509 
1,480 
1,608 
1,734 
1,728 
1,705 
1,677 


1,644 
1,608 
1,572 
1,537 
1,492 
1,531 
1,531 
1,531 
1,615 
1,659 
1,666 
1,643 


1,605 
1,566 
1,529 
1,489 
1,615 
1,736 
1,736 
1,736 
1,736 
1,736 
1,726 
1,693 


1,670 
1,620 
1,584 
1,547 
1,505 
1,466 
1,636 
1,736 
1,736 
1,715 
1,693 
1,649 


528 
1,395 
1,736 
1,736 
1,736 
1,732 
1,714 


1,686 
1,654 
1,620 
1,587 
1,556 
1,525 
1,495 
1,544 
1,671 
1,731 
1,716 
1,691 


1,660 
1,626 
1,590 
1,554 
1,514 
1,512 
1,531 
1,531 
1,573 
1,637 
1,663 
1,655 


1,624 
1,586 
1,547 
1,509 
1,552 
1,676 
1,736 
1,736 
1,736 
1,736 
1,731 
1,710 


1,682 
1,645 
1,602 
1,566 
1,526 
1,486 
1,551 
1,686 
1,736 
1,725 
1,704 
1,671 


08 
08 
08 
20 
28 
40 
56 


.68 
.64 
.56 
.28 
.16 
.08 
.08 
.08 
.20 
.28 
.40 
.56 


.68 
.64 
.56 
.28 
.16 
.08 
.08 
.08 
.20 
.28 
.40 
.56 


.68 
.64 
.56 
.28 
.16 
.08 
.08 
.08 
.20 
.28 
.40 
.56 


.68 
.64 
.56 
.28 
.16 
.08 
.08 
.08 
.20 
.28 
.40 
.56 


14 
36 
45 
113 
158 
226 
313 


374 

345 

296 

145 

81 

40 

39 

40 

109 

158 

224 

308 


368 

339 

290 

142 

79 

39 

40 

40 

103 

150 

218 

302 


18,130 
53,993 
62,625 
54,640 
46,946 
45,722 
44,249 


42,498 
40,722 
39,021 
37,426 
35,952 
34,770 
33,634 
39,471 
45,995 
45,667 
44,380 
42,792 


41,062 
39,161 
37,336 
35,597 
33,971 
35,555 
35,474 
35,567 
39,897 
42,037 
42,452 
41,070 


360  39,113 

331  37,105 

282  35,173 

138  33,328 

81  39,867 

44  61,896 

45  51,888 
45  57,794 

113  47,680 

158  47,417 

226  45,532 

312  43,780 


373 

343 

292 

143 

80 

39 

40 

44 

113 

157 

222 

305 


41,900 
39,990 
38,128 
36,318 
34,668 
33,132 
41,015 
61,385 
46,725 
45,008 
43,369 
41,594 


18,130 
46,315 
46,315 
46,315 
46,315 
45,722 
44,249 


42,498 
40,722 
39,021 
37,426 
35,952 
34,770 
33,634 
39,471 
45,995 
45,667 
44,380 
42,792 


41,062 
39,161 
37,336 
35,597 
33,971 
35,555 
35,474 
35,567 
39,897 
42,037 
42,452 
41,070 


39,113 
37,105 
35,173 
33,328 
39,867 
46,315 
46,315 
46,315 
46,315 
46,315 
45,532 
43,780 


41,900 
39,990 
38,128 
36,318 
34,668 
33,132 
41,015 
46,315 
46,315 
45,008 
43,369 
41,594 


7,678 

16,310 

8,325 

631 


15,581 
5,573 

11,479 
1,365 
1,102 


15,070 
410 
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CALAVERAS  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  57  M.  G.  D.— Cont'd. 


1894-95. 


stored  at 

first  of 

montb, 

M,  G. 

July 41,594 

August 39,607 

September 37,596 

October 35,679 

November 33,890 

December 32,159 

January 39,490 

February 46,315 

March 46,315 

April 46,010 

May 45,208 

June 44,024 

July 42,258 

August 40,273 

September     38,311 

October 36,453 

November 34,735 

December 33,137 

January 31,552 

February 41,015 

Marcb 40,434 

April 39,744 

May 43,556 

June 42,940 

July 41,256 

August 39,353 

September        37,439 

October    35,630 

November 33,930 

December 33,063 

January 32,683 

February 32,343 

March 45,436 

April 46,315 

May     46,315 

June 45,028 

July 43,283 

August 41,351 

September 39,448 

October 37,637 

November 35,938 

December 34,319 

January 32,629 

February 31,019 

March 30,306 

April 29,149 

May 27,671 

June 26,004 

July 24,282 

August 22,390 

September 20,497 

October 18,706 

November 17,014 

December 15,424 

January 13,809 

February 12,485 

March 11,064 

April 26,191 

May 25,281 

June 23,688 


Surface 

Inflow 

Total 

Draft. 

area 

Evapora- 

Evapora 

-  Total  at 

for 

for 

for 

Re- 

end of 

Average  tion  for 

tion  loss 

end  of 

In  reser-   Sur- 

month. 

month. 

month. 

mainder, 

month, 

area, 

month, 

for  month,  montb. 

voir,    plus, 

M.  G. 

M.  G. 

M.  G. 

M.  G. 

acres. 

acres. 

feet. 

M.  G. 

M.  G. 

M.  G.    M.  G. 

142 

41,736 

1,767 

39,969 

1,613 

1,631 

.68 

362 

39,607 

39,607 

88 

39,695 

1,767 

37,928 

1,574 

1,594 

.64 

332 

37,596 

37,596 

77 

37,673 

1,710 

35,963 

1,540 

1,557 

.56 

284 

35,679 

35,679 

116 

35,795 

1,767 

34,028 

1,489 

1,514 

.28 

138 

33,890 

33,890 

55 

33,945 

1,710 

32,235 

1,441 

1,465 

.16 

76 

32,159 

32,159 

9,138 

41,297 

1,767 

39,530 

1,615 

1,528 

.08 

40 

39,490 

39,490 

25,157 

64,647 

1,767 

62,880 

1,736 

1,676 

.08 

44 

62,836 

46,315  16,521 

6,532 

52,847 

1,596 

51,251 

1,736 

1,736 

.08 

45 

51,206 

46,315   4,891 

1,575 

47,890 

1,767 

46,123 

1,728 

1,732 

.20 

113 

46,010 

46,010 

1,065 

47,075 

1,710 

45,365 

1,717 

1,722 

.28 

157 

45,208 

45,208 

805 

46,013 

1,767 

44,246 

1,695 

1,706 

.40 

222 

44,024 

44,024 

250 

44,274 

1,710 

42,564 
1895-96. 

1,664 

1,680 

.56 

306 

42,258 

42,258 

147 

42,405 

1,767 

40,638 

1,628 

1,646 

.68 

365 

40,273 

40,273 

140 

40,413 

1,767 

38,646 

1,587 

1,608 

.64 

335 

38,311 

3s,311 

138 

38,449 

1,710 

36,739 

1,551 

1,569 

.56 

286 

36,453 

36,453 

189 

36,642 

1,767 

34,875 

1,509 

1,530 

.28 

140 

34,735 

34,735 

190 

34,925 

1,710 

33,215 

1,469 

1,489 

.16 

78 

33,137 

33,137 

220 

33,357 

1,767 

31,590 

1,423 

1,446 

.08 

38 

31,552 

31,552 

11,270 

42,822 

1,767 

41,055 

1,633 

1,528 

.08 

40 

41,015 

41,01 

1,114 

42,129 

1,653 

40,476 

1,624 

1,628 

.08 

42 

40,434 

40,434 

1,182 

41,616 

1,767 

39,849 

1,613 

1,618 

.20 

105 

39,744 

39,.44 

5,672 

45,416 

1,710 

43,706 

1,687 

1,650 

.28 

150 

43,556 

43,556 

1,370 

44,926 

1,767 

43,159 

1,677 

1,682 

.40 

219 

42,940 

42,940 

330 

43,270 

1,710 

41,560 
1896-97. 

1,649 

1,663 

.56 

304 

41,256 

41,256 

225 

41,481 

1,767 

39,714 

1,608 

1,628 

.68 

361 

39,353 

39,353 

185 

39,538 

1,767 

37,771 

1,572 

1,590 

.64 

332 

37,439 

37,4b./ 

185 

37,624 

1,710 

35,914 

1,536 

1,554 

.56 

284 

35,630 

35,630 

205 

35,835 

1,767 

34,068 

1,489 

1,512 

.28 

138 

33,930 

33,930 

920 

34,850 

1,710 

33,140 

1,465 

1,477 

.16 

77 

33,063 

33,063 

1,425 

34,488 

1,767 

32,721 

1,453 

1,459 

.08 

38 

32,683 

32,683 

1,465 

34,148 

1,767 

32,381 

1,447 

1,450 

.08 

38 

32,343. 

32,343 

14,730 

47,073 

1,596 

45,477 

1,720 

1,584 

.08 

41 

45,436 

45,436 

15,400 

60,836 

1,767 

59,069 

1,736 

1,728 

.20 

112 

58,957 

46,315  12,642 

2,540 

48,855 

1,710 

47,145 

1,736 

1,736 

.28 

158 

46,987 

46,315    672 

705 

47,020 

1,767 

45,253 

1,715 

1,726 

.40 

225 

45,028 

45,028 

275 

45,303 

1,710 

43,593 
L897-98. 

1,684 

1,700 

.56 

310 

43,283 

43,283 

205 

43,488 

1,767 

41,721 

1,648 

1,666 

.68 

370 

41,351 

41,351 

204 

41,555 

1,767 

39,788 

1,611 

1,630 

.64 

340 

39,448 

39,448 

189 

39,637 

1,710 

37,927 

1,574 

1,592 

.56 

290 

37,637 

37,637 

210 

37,847 

1,767 

36,080 

1,539 

1,556 

.28 

142 

35,938 

35,938 

170 

36,108 

1,710 

34,398 

1,495 

1,517 

.16 

79 

34,319 

34,319 

115 

34,434 

1,767 

32,667 

1,453 

1,474 

.08 

38 

32,629 

32,629 

194 

32,823 

1,767 

31,056 

1,411 

1,432 

.08 

37 

31,019 

31,019 

920 

31,939 

1,596 

30,343 

1,393 

1,402 

.08 

37 

30,306 

30,306 

700 

31,006 

1,767 

29,239 

1,363 

1,378 

.20 

90 

29,149 

29,149 

355 

29,504 

1,710 

27,794 

1,327 

1,345 

.28 

123 

27,671 

27,671 

270 

27,941 

1,767 

26,174 

1,280 

1,304 

.40 

170 

26,004 

26,004 

218 

26,222 

1,710 

24,512 
1898-99. 

1,237 

1,258 

.56 

230 

24,282 

24,282 

145 

24,427 

1,767 

22,660 

1,186 

1,212 

.68 

270 

22,390 

22,390 

115 

22,505 

1,767 

20,738 

1,130 

1,158 

.64 

241 

20,497 

20,497 

120 

20,617 

1,710 

18,907 

1,083 

1,106 

.56 

201 

18,706 

18,706 

170 

18,876 

1,767 

17,109 

1,019 

1,051 

.28 

95 

17,014 

17,014 

170 

17,184 

1,710 

15,474 

955 

987 

.16 

50 

15,424 

15,424 

175 

15,599 

1,767 

13,832 

895 

925 

.08 

23 

13,809 

13,809 

465 

14,274 

1,767 

12,507 

845 

870 

.08 

22 

12,*85 

12,485 

195 

12,680 

1,596 

11,084 

784 

814 

.08 

20 

11,064 

11,064 

16,960 

28,024 

1,767 

26,257 

1,285 

1,034 

.20 

66 

26,191 

26,191 

915 

27,106 

1,710 

25,396 

1,260 

1,272 

.28 

115 

25,281 

25,281 

335 

25,616 

1,767 

23,849 

1,217 

1,238 

.40 

161 

23,688 

23,688 

235 

23,923 

1,710 

22,213 

1,172 

1,194 

.56 

218 

21,995 

21,995 
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CALAVERAS  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  57  M.  G.  D.— Cont'd. 


stored  at 
first . 

of  month, 
M.  G. 

July 21,995 

August 20,258 

September 18,526 

October 16,880 

November 15,288 

December 14,150 

January 14,249 

February 22,935 

March 22,058 

April 22,454 

May 21,468 

June 20,113 

July 18,512 

August 16,674 

September 14,858 

October 13,131 

November 11,562 

December 14,956 

January 13,930 

February 16,158 

Marcb 25,708 

April 26,013 

May 25,112 

June 24,053 

July 22,572 

August 20,864 

September 19,101 

October 17,387 

November 15,721 

December    14,162 

January 12,803 

February 11,229 

March 15,352 

April 22,016 

May 21,791 

June 20,604 

July 19,080 

August    17,301 

September 15,564 

October 13,828 

November 12,140 

December 10,595 

January 9,009 

February 10,718 

March 11,951 

April 15,990 

May 19,810 

June 18,576 

July 16,989 

August 15,487 

September 13,900 

October 12,335 

November 10,769 

December   9,680 

January 8,355 

February 7,116 

March 11,994 

April 22,562 

May 25,081 

June 24,911 


1899-1900. 

Surface 

Inflow 

Total 

Draft. 

area 

Evapora- 

Evapora 

-  Total  at 

for 

for 

for 

Ee- 

3nd  of 

Average 

tion  for 

tion  loss 

end  of 

In  reser-   Sur- 

month. 

month. 

month. 

mainder, 

month, 

area, 

month, 

for  month,  month. 

voir,    plus. 

M.  G. 

M.  G. 

M.  G. 

M.  G. 

acres. 

acres. 

feet. 

M.  G. 

M.  6. 

M.  G.    M.  G. 

285 

22,280 

1,767 

20,513 

1,127 

1,150 

.68 

255 

20,258 

20,258 

265 

20,523 

1,767 

18,756 

1,078 

1,103 

.64 

230 

18,526 

18,526 

255 

18,781 

1,710 

17,071 

1,019 

1,048 

.56 

191 

16,880 

16,880 

265 

17,145 

1,767 

15,378 

950 

984 

.28 

90 

15,288 

15,288 

620 

15,908 

1,710 

14,198 

909 

930 

.16 

48 

14,150 

14,150 

1,890 

16,040 

1,767 

14,273 

911 

910 

.08 

24 

14,249 

14,249 

10,480 

24,729 

1,767 

22,962 

1,195 

1,053 

.08 

27 

22,935 

22,935 

750 

23,685 

1,596 

22,089 

1,167 

1,181 

.08 

31 

22,058 

22,058 

2,240 

24,298 

1,767 

22,531 

1,183 

1,176 

.20 

77 

22,454 

22,454 

830 

23,284 

1,710 

21,574 

1,154 

1,168 

.28 

106 

21,468 

21,468 

560 

22,028 

1,767 

20,261 

1,120 

1,137 

.40 

148 

20,113 

20,113 

310 

20,423 

1,710 

18,713 

1,078 

1,099 

.56 

201 

18,512 

18,512 

1900-01. 

160 

18,672 

1,767 

16,905 

1,008 

1,043 

.68 

231 

16,674 

16,674 

155 

16,829 

1,767 

15,062 

948 

978 

.64 

204 

14,858 

14,858 

150 

15,008 

1,710 

13,298 

880 

914 

.56 

167 

13,131 

13,131 

275 

13,406 

1,767 

11,639 

819 

849 

.28 

77 

11,562 

11,562 

5,150 

16,712 

1,710 

15,002 

944 

882 

.16 

46 

14,956 

14,956 

765 

15,721 

1,767 

13,954 

903 

923 

.08 

24 

13,930 

13,930 

4,020 

17,950 

1,767 

16,183 

985 

944 

.08 

25 

16,158 

16,158 

11,175 

27,333 

1,596 

25,737 

1,275 

1,130 

.08 

29 

25,708 

25,708 

2,155 

27,863 

1,767 

26,096 

1,282 

1,278 

.20 

83 

26,013 

26,013 

925 

26,938 

1,710 

25,228 

1,259 

1,270 

.28 

116 

25,112 

25,112 

870 

25,982 

1,767 

24,215 

1,232 

1,245 

.40 

162 

24,053 

24,053 

450 

24,503 

1,710 

22,793 

1,195 

1,213 

.56 

221 

22,572 

22,572    

1901-02. 

318 

22,890 

1,767 

21,123 

1,146 

1,170 

.68 

259 

20,864 

20,864 

238 

21,102 

1,767 

19,335 

1,099 

1,122 

.64 

234 

19,101 

19,101    

192 

19,293 

1,710 

17,583 

1,043 

1,071 

.56 

196 

17,387 

17,387 

193 

17,580 

1,767 

15,813 

974 

1,018 

.28 

92 

15,721 

15,721 

200 

15,921 

1,710 

14,211 

909 

942 

.16 

49 

14,162 

14,162 

440 

14,602 

1,767 

12,835 

856 

882 

.08 

32 

12,803 

12,803 

215 

13,018 

1,767 

11,251 

796 

826 

.08 

22 

11,229 

11,229 

5,742 

16,971 

1,596 

15,375 

954 

875 

.08 

23 

15,352 

15,352 

8,500 

23,852 

1,767 

22,085 

1,171 

1,062 

.20 

69 

22,016 

22,016 

1,592 

23,608 

1,710 

21,898 

1,168 

1,170 

.28 

107 

21,791 

21,791 

730 

22,521 

1,767 

20,754 

1,135 

1,152 

.40 

150 

20,604 

20,604 

390 

20,994 

1,710 

19,284 

1,094 

1,115 

.56 

204 

19,080 

19,080 

1902-03. 

225 

19,305 

1,767 

17,538 

1,043 

1,068 

.68 

237 

17,301 

17,301 

240 

17,541 

1,767 

15,774 

969 

1,006 

.64 

210 

15,564 

15,564 

145 

15,709 

1,710 

13,999 

905 

937 

.56 

171 

13,828 

13,828 

158 

13,986 

1,767 

12,219 

826 

866 

.28 

79 

12,140 

12,140 

207 

12,347 

1,710 

10,637 

767 

797 

.16 

42 

10,595 

10,595 

200 

10,795 

1,767 

9,028 

701 

734 

.08 

19 

9,009 

9,009 

3,495 

12,504 

1,767 

10,737 

771 

736 

.08 

19 

10,718 

10,718 

2,850 

13,568 

1,596 

11,972 

825 

798 

.08 

21 

11,951 

11,951 

5,865 

17,816 

1,767 

16,049 

977 

901 

.20 

59 

15,990 

15,990 

5,625 

21,615 

1,710 

19,905 

1,111 

1,044 

.28 

95 

19,810 

19,810 

675 

20,485 

1,767 

18,718 

1,078 

1,094 

.40 

142 

18,576 

18,576 

315 

18,891 

1,710 

17,181 

1,022 

1,050 

.56 

192 

16,989 

16,989    

1903-04. 

485 

17,474 

1,767 

15,707 

965 

994 

.68 

220 

15,487 

15,487 

375 

15,862 

1,767 

14,095 

905 

935 

.64 

195 

13,900 

13,900 

305 

14,205 

1,710 

12,495 

845 

875 

.56 

160 

12,335 

12,335 

275 

12,610 

1,767 

10,843 

775 

810 

.28 

74 

10,769 

10,769 

660 

11,429 

1,710 

9,719 

730 

752 

.16 

39 

9,680 

9,680 

460 

10,140 

1,767 

8,373 

676 

703 

.08 

18 

8,355 

8,355 

545 

8,900 

1,767 

7,133 

611 

644 

.08 

17 

7,116 

7,116    

6,550 

13,666 

1,653 

12,013 

824 

718 

.08 

19 

11,994 

11,994 

12,400 

24,394 

1,767 

22,627 

1,185 

1,004 

.20 

65 

22,562 

22,562 

4,340 

26,902 

1,710 

25,192 

1,256 

1,220 

.28 

111 

25,081 

25,081    

1,760 

26,841 

1,767 

25,074 

1,253 

1,254 

.40 

163 

24,911 

24,911 

595 

25,506 

1,710 

23,796 

1,217 

1,235 

.56 

225 

23,571 

23,571    

153 


CALAVERAS  RESERVOIR. 
ESTIJIATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  57  M.  G.  D.— Cont'd. 


1904-05. 


stored  at 

first  of 

month, 

M.  G. 

July 23,571 

August 22,081 

September        20,533 

October 18,965 

November 17,470 

December 16,091 

January 14,916 

February        14,633 

March 16,918 

April 21,996 

May 22,486 

June 22,549 

July 21,286 

August 19,508 

September 17,721 

October 15,961 

November 14,234 

December 12,593 

January 10,940 

February 17,294 

March 19,380 

April 29,667 

May 32,194 

June  31,460 

July 30,213 

August 28,409 

September 26,571 

October 24,826 

November    23,127 

December         21,526 

January 22,399 

February 29,379 

March 31,369 

April 46,315 

May 46,315 

June 45,348 

July 43,879 

August 42,470 

September 40,871 

October 39,230 

November 37,684 

December 36,356 

January 35,830 

February  37,149 

March 38,267 

April 38,871 

May 37,732 

June 36,320 

July 34,676 

August 32,844 

SeptemLor 30,986 

October 29,202 

November 27,472 

December      25,854 

January 24,234 

February 40,280 

March 46,315 

April 46,315 

May 45,407 

June 43,853 


Surface 

Inflow 

Total 

Draft. 

area 

Evapora- 

Evapora 

-  Total  at 

for 

tor 

for 

Re- 

end of 

Average  tlon  for 

tion  loss 

end  of 

In  reser-   Sur- 

month. 

mouth. 

month. 

mainder, 

month, 

area. 

month, 

for  mouth,  month, 

voir,    plus. 

iM.  G. 

M.  G. 

M.  G. 

M.  G. 

acres. 

acres. 

feet. 

M.  G. 

M.  G. 

M.  G.    M.  G. 

542 

24,113 

1,767 

22,346 

1,177 

1,197 

.68 

265 

22,081 

22,081 

460 

22,541 

1,767 

20,774 

1,135 

1,156 

.64 

241 

20,533 

20,533 

345 

20,878 

1,710 

19,168 

1,092 

1,114 

.56 

203 

18,965 

18,965 

369 

19,334 

1,767 

17,567 

1,037 

1,064 

.28 

97 

17,470 

17,470 

384 

17,854 

1,710 

16,144 

980 

1,008 

.16 

53 

16,091 

16,091 

617 

16,708 

1,767 

14,941 

935 

958 

.08 

25 

14,916 

14,916 

1,508 

16,424 

1,767 

14,657 

928 

932 

.08 

24 

14,633 

14,633 

3,906 

18,539 

1,596 

16,943 

1,008 

968 

.08 

25 

16,918 

16,918 

6,916 

23,834 

1,767 

22,067 

1,167 

1,088 

.20 

71 

21,996 

21,996 

2,307 

24,303 

1,710 

22,593 

1,185 

1,176 

.28 

107 

22,486 

22,486 

1,985 

24,471 

1,767 

22,704 

1,190 

1,188 

.40 

155 

22,549 

22,549 

661 

23,210 

1,710 

21,500 
1905-06. 

1,154 

1,172 

.56 

214 

21,286 

21,286 

240 

21,526 

1,767 

19,759 

1,108 

1,131 

.68 

251 

19,508 

19,508 

205 

19,713 

1,767 

17,946 

1,048 

1,078 

.64 

225 

17,721 

17,721 

135 

17,856 

1,710 

16,146 

980 

1,014 

.56 

185 

15,961 

15,961 

125 

16,086 

1,767 

14,319 

913 

946 

.28 

85 

14,234 

14,234 

115 

14,349 

1,710 

12,639 

849 

881 

.16 

46 

12,593 

12,593 

135 

12,728 

1,767 

10,961 

783 

816 

.08 

21 

10,940 

10,940 

8,145 

19,085 

1,767 

17,318 

1,025 

904 

.08 

24 

17,294 

17,294 

3,710 

21,004 

1,596 

19,408 

1,097 

1,061 

.08 

28 

19,380 

19,380 

12,135 

31,515 

1,767 

29,748 

1,374 

1,236 

.20 

'   81 

29,667 

29,667 

4,365 

34,032 

1,710 

32,322 

1,444 

1,409 

.28 

128 

32,194 

32,194 

1,220 

33,414 

1,767 

31,647 

1,424 

1,434 

.40 

187 

31,460 

31,460 

720 

32,180 

1,710 

30,470 

1,395 

1,410 

.56 

257 

30,213 

30,213 

1906-07. 

267 

30,480 

1,767 

28,713 

1,351 

1,373 

.68 

304 

28,409 

28,409 

205 

28,614 

1,767 

26,847 

1,299 

1,325 

.64 

276 

26,571 

26,571 

198 

26,769 

1,710 

25,059 

1,253 

1,276 

.56 

233 

24,826 

24,826 

180 

2S),006 

1,767 

23,239 

1,201 

1,227 

.28 

112 

23,127 

23,127 

170 

23,297 

1,710 

21,587 

1,154 

1,178 

.16 

61 

21,526 

21,526 

2,670 

24.196 

1,767 

22,429 

1,179 

1,166 

.08 

30 

22,399 

22,399 

8,780 

31,179 

1,767 

29,412 

1,367 

1,273 

.08 

33 

29,379 

29,379 

3,622 

33,001 

1,596 

31,405 

1,423 

1,395 

.08 

36 

31,369 

31,369 

23,035 

54,404 

1,767 

52,637 

1,736 

1,580 

.20 

103 

52,534 

46,315   6,219 

3,045 

49,360 

1,710 

47,650 

1,736 

1,736 

.28 

158 

47,492 

46,315   1,177 

1,025 

47,340 

1,767 

45,573 

1,722 

1,729 

.40 

225 

45,348 

45,348 

553 

45,901 

1,710 

44,191 

1,695 

1,708 

.56 

312 

43,879 

43,879 

1907-08. 

731 

44,610 

1,767 

42,843 

1,669 

1,682 

.68 

373 

42,470 

42,470 

513 

42,983 

1,767 

41,216 

1,639 

1,654 

.64 

345 

40,871 

40,871 

365 

41,236 

1,710 

39,526 

1,605 

1,622 

.56 

296 

39,230 

39,230 

366 

39,596 

1,767 

37,829 

1,572 

1,589 

.28 

145 

37,684 

37,684 

463 

38,147 

1,710 

36,437 

1,545 

1,558 

.16 

81 

36,356 

36,356 

1,281 

37,637 

1,767 

35,870 

1,535 

1,540 

.08 

40 

35,830 

35,830 

3,126 

38,956 

1,767 

37,189 

1,560 

1,548 

.08 

40 

37,149 

37,149 

2,812 

39,961 

1,653 

38,308 

1,581 

1,570 

.08 

41 

38,267 

38,267 

2,475 

40,742 

1,767 

38,975 

1,595 

1,588 

.20 

104 

38,871 

38,871 

715 

39,586 

1,710 

38,876 

1,574 

1,584 

.28 

144 

37,732 

37,732 

558 

38,290 

1,767 

36,523 

1,547 

1,560 

.40 

203 

36,320 

36,320 

345 

36,665 

1,710 

34,955 

1,513 

1,530 

.56 

279 

34,676 

34,676 

1908-09. 

265 

34,941 

1,767 

33,174 

1,466 

1,490 

.68 

330 

32  844 

32,844 

210 

33,054 

1,767 

31,287 

1,416 

1,441 

.64 

301 

30,986 

30,986 

180 

31,166 

1,710 

29,456 

1,369 

1,392 

.56 

254 

29,202 

29,202 

160 

29,362 

1,767 

27,595 

1,320 

1,344 

.28 

123 

27,472 

27,472 

160 

27,632 

1,710 

25,922 

1,275 

1,298 

.16 

68 

25,854 

25,854 

180 

26,034 

1,767 

24,267 

1,231 

1,253 

.08 

33 

24,234 

24,234 

17,850 

42,084 

1,767 

40,317 

1,620 

1,426 

■  .08 

37 

40,280 

40,280 

15,905 

56,185 

1,596 

54,589 

1,736 

1,678 

.08 

44 

54,545 

46,315   8,230 

4,615 

50,930 

1,767 

49,163 

1,736 

1,736 

.20 

113 

49,050 

46,315   2,735 

960 

47,275 

1,710 

45,565 

1,721 

1,728 

.28 

158 

45,407 

45,407 

435 

45,842 

1,767 

44,075 

1,694 

1,707 

.40 

222 

43,853 

43,853 

330 

44,183 

1,710 

42,473 

1,662 

1,678 

.56 

306 

42,167 

42,167 

154 


CALAVERAS  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  57  M.  G.  D.— Con'td. 


1909-10. 


stored  at 
first  of 
month, 
M.  G. 

July 42,167 

August   40,335 

September 38,477 

October 36,720 

November    35,088 

December     33,550 

January 33,455 

February 37,048 

Marcb     37,666 

April 38,601 

May     37,992 

June 36,591 

July 34,931 

August 33,073 

September 31,229 

October 29,444 

November    27,654 

December 26,011 

January 24,406 

February 35,298 

Marcb 38,861 

April        46,315 

May 45,432 

June   43,923 

July 42,192 

August 40,447 

September 38,760 

October 37,100 

November 35,564 

December 34,162 

January 32,770 

February    31,872 

March     30,880 

April 31,105 

May  .  .• 29,984 

June 28,478 


Surface 

Inflow 

Total 

Dr.itt. 

area 

Evapora- 

Bvapora 

Total  at 

for 

tor 

tor 

Ee- 

and  of 

Average 

tion  for 

4-ion  loss 

end  of 

In  reser-   Sur- 

month. 

mouth, 

month, 

nainder. 

month, 

area. 

month. 

for  month,  mouth, 

voir,    plus. 

M.  G. 

M.  G. 

M.  G. 

U.  6, 

acres. 

acres. 

feet. 

M.  G. 

M.  G. 

M.  G.    M.  G. 

300 

42,467 

1,767 

40,700 

1,628 

1,645 

.68 

365 

40,335 

40,335 

245 

40,580 

1,767 

38,813 

1,592 

1,610 

.64 

336 

38,477 

38,477    

240 

38,717 

1,710 

37,007 

1,557 

1,574 

.56 

287 

36,720 

36,720    

275 

36,995 

1,767 

35,228 

1,518 

1,538 

.28 

140 

35,088 

35,088    

250 

35,338 

1,710 

33,628 

1,476 

1,497 

.16 

78 

33,550 

33,550 

1,710 

35,260 

1,767 

33,493 

1,474 

1,475 

.08 

38 

33,455 

33,455 

5,400 

38,855 

1,767 

37,088 

1,558 

1,516 

.08 

40 

37,048 

37,048    

2,255 

39,303 

1,596 

37,707 

1,570 

1,564 

.08 

41 

37,666 

37,666    

2,805 

40,471 

1,767 

38,704 

1,589 

1,580 

.20 

103 

38,601 

38,601    

1,245 

39,846 

1,710 

38,136 

1,577 

1,583 

.ho 

144 

37,992 

37,992 

570 

38,562 

1,767 

36,795 

1,552 

1,564 

.40 

204 

36,591 

36,591 

330 

36,921 

1,710 

35,211 

1,518 

1,535 

.56 

280 

34,931 

34,931 

1910-11. 

240 

35,171 

1,767 

33,404 

1,471 

1,494 

.68 

331 

33,073 

33,073 

225 

33,298 

1,767 

31,531 

1,421 

1,446 

.64 

302 

31,229 

31,229 

180 

31,409 

1,710 

29,699 

1,374 

1,398 

.56 

255 

29,444 

29,444 

100 

29,544 

1,767 

27,777 

1,327 

1,350 

.28 

123 

27,654 

27,654 

135 

27,789 

1,710 

26,079 

1,277 

1,302 

.16 

68 

26,011 

26,011 

195 

26,206 

1,767 

24,439 

1,234 

1,256 

.08 

33 

24,406 

24,406 

12,695 

37,101 

1,767 

35,334 

1,521 

1,378 

.08 

36 

35,298 

35,298 

5,200 

40,498 

1,596 

38,902 

1,593 

1,557 

.08 

41 

38,861 

38,861 

18,030 

56,891 

1,767 

55,124 

1,736 

1,664 

.20 

108 

55,016 

46,315   8,701 

985 

47,300 

1,710 

45,590 

1,722 

1,729 

.28 

158 

45,432 

45,432 

480 

45,912 

1,767 

44,145 

1,695 

1,708 

.40 

222 

43,923 

43,923 

285 

44,208 

1,710 

42,498 

1,662 

1,678 

.56 

306 

42,192 

42,192 

1911-12. 

388 

42,580 

1,767 

40,813 

1,630 

1,646 

.68 

366 

40,447 

40,447    

416 

40,863 

1,767 

39,096 

1,597 

1,613 

.64 

336 

38,760 

38,760 

339 

39,099 

1,710 

37,389 

1,565 

1,581 

.56 

289 

37,100 

37,100 

372 

37,472 

1,767 

35,705 

1,531 

1,548 

.28 

141 

35,564 

35,564 

387- 

35,951 

1,710 

34,241 

1,492 

1,512 

.16 

79 

34,162 

34,162 

413 

34,575 

1,767 

32,808 

1,455 

1,474 

.08 

38 

32,770 

32,770 

907 

33,677 

1,767 

31,910 

1,432 

1,444 

.08 

38 

31,872 

31,872 

698 

32,570 

1,653 

30,917 

1,406 

1,419 

.08 

37 

30,880 

30,880 

2,084 

32,964 

1,767 

31,197 

1,414 

1,410 

.20 

92 

31,105 

31,105 

717 

31,822 

1,710 

30,112 

1,385 

1,400 

.28 

128 

29,984 

29,984 

439 

30,423 

1,767 

28,656 

1,349 

1,367 

.40 

178 

28,478 

28,478 

340 

28,818 

1,710 

27,108 

1,307 

1,328 

.56 

242 

26,866 

26,866 
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CALAVERAS  RESERVOIR. 

DISTRIBUTION  OF  EXCESS  FLOW. 
At   high    water   line,   780.00    feet,    capacity   is    46,315  M.  G. 

At  maximum  water  line— 795.00  feet  (5  feet  below  crest)  capacity  Is  55,000  M.  G.,  providing  additional 
storage  of  8,685  M.  G. 

Increase   of  Crystal   Springs   Reservoir  gives   conditions  as  follows: 

Present   water   line    288.00    feet — capacity    23,500  M.  G. 

Ultimate  water  line— 323.00  feet— capacity  55,000  M.   G.,   providing   additional   storage   of   31,500   M.    G. 

It  is  proposed  to  connect  these  reservoirs  by  conduit  of  250  M.  G.  D.  capacity. 

Calaveras  Reservoir   Calaveras  Reservoir  Crystal  Springs 

^„„  Surplus  Additional  Capacity        Additional  Capacity         Lost 

1889-90.  M.  G.  M.  G.  M.  G.  M.  G. 

January    7,678  7,678 

February    16,310  1,007  5,404  9,899 

March   8,325  5,983  2,342 

April   631  631 

32,944  8,685  12,018 

1892-93. 

December     15,581  8,685  5,983  913 

January    5,573  5,573 

February    11,479  5,404  6.075 

March   1,365  1,365 

April   1,102  1,102 

35,100  8,685  19,427 

1893-94. 

February    15,070  8,685  5,404  981 

March   410  410 

15,480  8,685  5,814 

1894-90. 

January    16,521  8,685  5,983  1,853 

February    4,891  4,891 

21,412  8,685  10,874 

1896-97. 

March   12,642  8,685  3,957 

April   672  672 

13,314  8,685  4,629 

1906-07. 

March   6,219  6,219 

April   1,177  1,177 

7,396  7,396 

1908-09. 

March    8,230  8,220 

April   2,735  455  2,280 

10,965  8,685  2,280 

1910-11. 

March    8,701  8,685  16 

8,701  8,685  16 

Total   145,312  68,191  55,058  22,063 

NOTE. — The  excess  flow  from  Calaveras  to  Crystal  Springs  is  carried  at  the  rate  of  250  M.  G.  D. — less  57  M.  G.  D. 

The  total  surplus  for  23  years  from  Calaveras  Reservoir  is  145,312  M.  G. ;  of  this  123,249  M.  G.  are  available 
tor  storage,  equivalent  to  14.67  M.  G.  D.  and  22,063  M.  G.,   escape  as  waste,   equivalent  to  2.63  M.   G.   D. 

As  is  subsequently  shown,  of  the  total  123,249  M.  G.  available  for  storage,  39,885  M.  G.  would  be  used  in  the 
equalization  ot  the  Gravel  Reservoir,  leaving  83,364  M.  G.  directly  available  tor  storage,  equivalent  to  3,625  M.  G. 
per    annum    for    the   period    ot    23    years,    and    a    daily    yield   of   9.93   M.    G.,   which  latter  figure  Is  finally  used. 


SAN  ANTONIO  WILL  SUPPLY  8.5  M.  G.  D. 
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Regulated  Flow  From  San  Antonio 
Reservoir. 

It  is  proposed  to  build  the  San  Antonio  Dam 
140  feet  high  to  an  elevation  of  450  feet.  The 
reservoir  would  have  a  maximum  capacity  of 
10,500  million  gallons  at  elevation  445  feet,  giv- 
ing five  feet  freeboard.  The  water  surface,  at 
high  water  line  will  have  an  area  of  approxi- 
mately 620  acres. 

Treating  the  total  flow  from  San  Antonio 
drainage  in  the  same  manner  as  shown  for  Cala- 
veras Reservoir  the  results  shown  on  the  ac- 
companying table  are  obtained. 

The  table  commences  at  the  beginning  of  the 
season  1897-98,  assuming  a  full  reservoir.  This 
is  justified  by  review  of  the  annual  discharges 
prior  to  that  time. 

The  table  has  been  built  upon  annual  dis- 
charges as  sufficiently  indicative  of  the  result. 
It  must  be  borne  in  mind  that  it  would  not  be 
necessary  to  maintain  a  constant  draft  from 
San  Antonio.  When  operating  Alameda  Creek 
System  as  a  whole,  it  would  be  essential  to  treat 
San  Antonio  Reservoir  merely  as  a  regulating 
or  equalizing  reservoir,  to  hold  flood  waters  at 
such  time  as  the  discharges  from  the  Sunol- 
Sinbad  Creek  areas  would  produce  water  to  fill 
the  Sunol  filter  beds  and  the  total  capacity  of 
the  conduit  commencing  at  Sunol.  When  this 
flow  recedes  only  sufficient  water  would  be 
withdrawn  for  the  capacity  of  the  Sunol  filters. 


The  tabulation  shows  a  safe  yield  of  8.5  mil- 
lion gallons  per  day,  with  a  balance  in  storage 
at  the  end  of  the  period,  equivalent  to  over  7 
months'  draft  of  8.5  M.  G.  D. 

Regulated  Flow  From  Sunol  Area 
and  Sinbad  Creek. 

Of  the  total  flow  from  this  area,  a  large  pro- 
portion would,  at  first  consideration,  appear  to 
be  waste,  because  it  is  a  direct,  imregulated  flow. 
The  Sunol  filter  beds  cannot  be  regarded  as 
a  storage  reservoir.  But  regulation  could  be 
arranged  by  using  San  Antonio  Reservoir,  con- 
serving the  floods  from  that  area,  and  also  by 
regulation  of  the  pump  age  flow  from  Liver- 
more  Valley  area.  That  latter  feature  would 
to  some  extent  be  governed  by  the  advisability 
of  keeping  the  storage  in  both  San  Antonio 
and  Arroyo  Valle  Reservoirs  as  low  as  possible, 
and  the  water  in  the  gravel  reservoir  depressed, 
in  order  to  provide  room  for  and  retain  all  flood 
waters. 

For  the  aqueduct  leading  out  of  Sunol  a  ca- 
pacity of  not  less  than  100  M.  G.  D.  should  be 
provided.  As  before  stated,  Calaveras  water 
will  be  diverted  directly  from  that  reservoir  and 
not  reach  Sunol;  the  Sunol  aqueduct  should 
therefore  carry  from  gravel  reservoir,  30  M. 
G.  D.;  Arroyo  Valle  Reservoir,  18  M.  G.  D. ; 
San  Antonio  Reservoir,  8,5  M.  G.  D. ;  evapora- 
tion, 12  M.  G.  D. ;  total,  68.5  M.  G.  D.,  to  which 


SAN    ANTONIO    RESERVOIR. 
ESTIJMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  8.5  M.  G.  D. 


1897-98 
1898-99 
1899-00 
1900-01 
1901-02 
1902-03 
1903-04 
1904-05 
1905-06 
1906-07 
1907-08 
1908-09 
1909-10 
1910-11 
1911-12 


Stored 

at  First 

of  Season. 

M.  G. 

10,500 
7,087 
5,986 
4,559 
4,319 
3,228 
2,389 
2,797 
1,745 
2,581 
4,288 
2,652 
4,546 
2,854 
4,466 


Inflow  Total 

tor  Season,  for  Season. 

M.  G.      M.  G. 


(a)  Direct 

(b)  Direct 

(c)  Direct 

(d)  Direct 


(e) 
(f) 


Direct 
Direct 
(g)  Direct 
(h)  Direct 
(i)    Direct 


flow 
flow 
flow 
flow 
flow 
flow 
flow 
flow 
flow 


from 
from 
from 
from 
from 
from 
from 
from 
from 


450 
2,400 
2,250 
3,150 
2,250 
2,400 
3,450 
2,400 
3,750 
5,250 
1,650 
4,950 
1,875 
4,650 

900 

Sunol- 
Sunol- 
Sunol- 
Sunol- 
Sunol- 
Sunol- 
Sunol- 
Sunol- 
Sunol- 


10,950 
9,487 
8,236 
7,709 
6,569 
5,628 
5,839 
5,197 
5,495 
7,831 
5,938 
7,602 
6,421 
7,.«;04 
5,366 


Draft 
M.  G. 

3,102 
2,840  (a) 
3,102 
2,865  (b) 
2,864  (c) 
2,840  (d) 
2,664  (e) 
3,103 
2,575  (f) 
3,103 
2,839  (g) 
2,600  (h) 
3,103 
2,575  (i) 
3,103 


Remainder. 
M.  G. 

7,848 
6,647 
5,134 
4,844 
3,705 
2,788 
3,175 
2,094 
2,920 
4,728 
3,099 
5,002 
3,318 
4,929 
2,263 


Surface 
Area. 
Acres. 

542 
475 
407 
398 
335 
278 
302 
233 
286 
389 
297 
402 
311 
399 
244 


Average 
Area. 
Acres, 

584 
508 
441 
403 
366 
306 
290 
268 
260 
338 
343 
350 
356 
355 
322 


S'tored 

Bvapora-        at  End 

tion  Loss,  of  Season. 

M,  G.  M,  G. 


Sinbad 
Sinbad 
Sinbad 
Sinbad 
Sinbad 
Sinbad 
Sinbad 
Sinbad 
Sinlbad 


Creek 
Creek 
Creek 
Creek 
Creek 
Creek 
Creek 
Creek 
Creek 


761 
661 
575 
525 
477 
399 
378 
349 
339 
440 
447 
456 
464 
463 
420 


7,087 
5,986 
4,559 
4,319 
3,228 
2,389 
2,797 
1,745 
2,581 
4,288 
2,652 
4,546 
2,854 
4,466 
1,843 


Area  in  March,  saved  all  draft  that  month. 

Area  in  February,    saved   all   draft   that   month. 

Area  in  February,    saved   all   draft   that   month. 

Area  in  March,   saved  all  draft  that  month. 

Area  in  February  and  March,  saved  438  M.   G.  draft  in  these  months 

Area  in  January  and  March,  saved  all  draft  in  these  months 

Area  in  January,  saved  all  draft  in  this  month. 

Area  in  January  and  February,  saved  all  draft  in  these  months 

Area  in  January  and  March,  saved  all  draft  in  these  months 
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£/eyahbn 
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Anderson  C-2 


This  Reservoir  is  close  to  Sunol  Gravels  and  will  be  used  in  conjunction  with  them. 
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Anderson  C-3 

This  Reservoir  is  just  above  Livermore  Valley  and  will  regulate  all  the  floods  of  Arroyo  Valle  and  permit 

their  gradual  absorption  by  the  gravels  below. 
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about  50  per  cent  should  be  added  for  peak  de- 
mands. In  time  of  flood  the  total  capacity  of 
100  M.  G.  D.  would  be  available,  to  carry  away 
storm-flow  from  the  area. 

Examining  the  records  of  estimated  monthly 
flow,  and  segregating  and  discarding  the  vol- 
umes exceeding  a  daily  discharge  of  100  M.  G. 
D.,  the  following  volumes  are  found  available 
for  the  system,  from  the  direct  stream-flow  of 
the  Sunol-Sinbad  Creek  area: 

M.G. 

1889-90 8,490 

1890-91 284 

1891-92 748 

1892-93 4,637 

1893-94 5,900 

1894-95 5,900 

1895-96 3,600 

1896-97 4,442 

1897-98 180 

1898-99 3,100 

1899-00 1,690 

1900-01 2,800 

1901-02 3,087 

1902-03 3,911 

1903-04 5,270 

1904-05 2,336 

1905-06 6,264 

1906-07 4,480 

1907-08 2,380 

1908-09 6,018 

1909-10 2,720 

1910-11 6,213 

1911-12 327 


84,777 

For  the  period  of  23  years  this  gives  .an  aver- 
age yield  of  3,686  M.  G.  per  year,  or  a  daily 
yield  of  10.10  M.  G.  from  Sunol-Sinbad  Creek 
areas.  The  total  flow  averages  11.90  M.  G.  D., 
showing  a  waste  of  15.12  per  cent.    This  natural. 


utilized  flow  will  be  equalized  from  Arroyo 
Valle  and  the  Gravel  Reservoir,  in  addition  to 
the  regulation  by  San  Antonio  Reservoir,  already 
mentioned. 

Regulated  Flow  From 

Arroyo  Valle  Reservoir. 

It  is  proposed  to  build  the  Arroyo  Valle  Dam 
150  feet  high,  to  an  elevation  of  800  feet.  The 
reservoir  will  have  a  maximum  storage  capacity 
of  12,900  million  gallons,  at  elevation  795  feet, 
giving  5  feet  freeboard.  The  water  surface  at 
high  water  line  will  have  an  area  of  approxi- 
mately 607  acres. 

Treating  the  total  flow  estimated  for  the  Ar- 
royo Valle  drainage  in  the  same  manner  as  in 
the  other  drainage  areas,  the  result  obtained  is 
shown  in  the  accompanying  table. 

In  this  case,  as  at  Calaveras,  the  table  com- 
mences at  the  beginning  of  the  season  1889-90, 
assuming  the  reservoir  empty  at  that  time.  The 
tabulation  has  been  built  up  on  annual  in  place 
of  monthly  discharges,  as  sufficiently  indicative 
of  the  result. 

In  this  case,  as  with  San  Antonio  Reservoir, 
this  basin  is  treated  as  an  equalizing  or  regulat- 
ing reservoir,  in  connection  with  operation  of 
the  Gravel  Reservoir  in  Livermore  Valley.  The 
stream  flow  of  the  Arroyo  Valle  Creek  would  be 
retained  during  the  period  of  maximum  flow, 
or  when  the  flow  from  the  other  areas  tributary 
to  the  Gravel  Reservoir  were  sufficient  to  keep 
the  latter  fully  supplied.    At  other  seasons,  the 


ARROYO  VALLE  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CONTINUED  DRAFT  OF  18  M.  G.  D, 

stored 


at  First 

Inflow 

Total 

Draft 

Re- 

Surface Average  oration 

at  End 

In  Res- 

ot Season. 

for  Season,  for  Season. 

for  Season. 

mainder. 

Area. 

Area. 

Loss. 

of  Season. 

ervoir. 

Surplus. 

M.  G. 

M.  G. 

M.  G. 

M.G. 

M.  G. 

Acres. 

Acres. 

M.G. 

M.G. 

M.  G. 

M.  G. 

1889-90 

0 

31,054 

31,054 

6,570 

24,484 

607 

304 

158 

24,326 

12,900 

11,426 

1890-91 

12,900 

9,000 

21,900 

6,570 

15,330 

607 

607 

791 

14,539 

12,900 

1,639 

1891-92 

12,900 

4,200 

17,100 

6,588 

10,512 

557 

582 

758 

9,754 

9,754 

1892-93 

9,754 

25,000 

34,754 

6,570 

28,184 

607 

582 

758 

27,426 

12,900 

14,526 

1893-94 

12,900 

13,612 

26,512 

6,570 

19,942 

607 

607 

791 

19,151 

12,900 

6,251 

1894-95 

12,900 

21,000 

33,900 

6,570 

27,330 

607 

607 

791 

26,539 

12,900 

13,639 

1895-96 

12,900 

7,230 

20,130 

6,588 

13,542 

607 

607 

791 

12,751 

12,751 

1896-97 

12,751 

14,000 

26,751 

6,570 

20,181 

607 

607 

791 

19,390 

12,900 

6,490 

1897-98 

12,900 

1,200 

14,100 

6,570 

7,530 

481 

544 

709 

6,821 

6,821 

1898-99 

6,821 

Transfer  at 

once  to  Gravel  Reservoir. 

Put  all 

run-off 

from  Arroyo  Valle  subsequently  di- 

rectly  to 

1  Gravel 

Reservoir 

until  Jan.  1,  1906. 

1905-06 

Jan.  1      0 

11,596 

11,596 

3,285 

8,311 

506 

253 

132 

8,179 

8,179 

1906-07 

8,179 

28,000 

36,179 

6,570 

29,609 

607 

557 

726 

28,883 

12,900 

15,983 

1907-08 

12,900 

4,800 

17,700 

6,588 

11,112 

570 

588 

766 

10,346 

10,346 

1908-09 

10,346 

18,000 

28,346 

6,570 

21,776 

607 

588 

766 

21,010 

12,900 

8,ii6 

1909-10 

12,900 

8,000 

20,900 

6,570 

14,330 

607 

607 

791 

13,539 

12,900 

639 

1910-11 

12,900 

22,000 

34,900 

6,570 

28,330 

607 

607 

791 

27,539 

12,900 

14,639 

1911-12 

12,900 

3,500 

16,400 

6,588 

9,812 

542 

574 

748 

9,064 

9,064 

ARROYO  VALLE  RESERVOIR  A  REGULATOR. 
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stored  waters  would  be  withdrawn  in  accord- 
ance with  the  needs  of  the  Gravel  Reservoir, 
drawing  the  stored  water  from  Arroyo  Valle 
Reservoir  as  rapidly  as  possible,  for  the  pur- 
pose alike  of  reducing  evaporation  from  the  sur- 
face, and  making  room  for  any  additional  flood 
waters  that  may  come  down  the  creek. 

The  tabulation  of  performance  has  been  pre- 
pared, having  the  above  conditions  in  view,  leav- 
ing the  reservoir  empty  during  the  period  from 
1898-99  to  1905-06.  To  determine  the  flow  se- 
cured from  Arroyo  Valle  Creek,  the  tables  of 
Arroyo  Valle  Reservoir  and  the  Gravel  Reser- 
voir must  be  considered  together. 

For  the  purpose  of  ascertaining  the  safe  yield 
of  the  Arroyo  Valle  drainage  area,  as  a  part  of 
the  whole  system,  a  regulated  flow  has  been 
shown  of  a  steady  draft  of  18  M.  G.  D.  as  the 
safe  yield  of  the  area  thus  regulated  by  the 
reservoir,  leaving  at  the  end  of  the  period  9,064 
M.  G.,  accumulated  and  stored,  equivalent  to  one 
year  and  four  and  a  half  months'  supply  of  18 
M.  G.  D. 

It  will  be  noted  that  the  large  amount  of 
surplus,  totalling  93,342  M.  G.  for  the  period 
of  23  years  is  regarded  wholly  as  wasted. 

Regulated  Flow  From  Gravel 

Reservoir  in  Livertnore  Valley. 

All  the  other  drainage  areas  not  previously 
considered  would  be  designed  to  contribute 
directly  to  the  Gravel  Reservoir  in  the  Liver- 
more  Valley.  These  would  be  the  Arroyo 
Mocho,  Arroyo  Valle  below  the  reservoir  site, 
the  upper  and  lower  Livermore  areas,  Positas, 
Tassajero,  and  Alamo  Creeks. 

In  order  to  determine  the  amount  of  water 
that  can  be  drawn  from  the  Gravel  Reservoir, 
it  is  necessary  to  determine,  not  only  the 
amount  of  flow  tributary  to  the  area,  but  also 
to  what  extent  the  flow  can  enter  into  the 
gravel  basin. 

If  all  the  flow  of  one  year  were  to  enter  as 
one  sudden  flood,  part  of  the  water  would  not 
have  time  to  soak  in  and  sink  into  the  gravel, 
and  a  great  portion  would  pass  ofE  as  waste. 

In  the  following  will  be  in  detail  considered 
how,  and  in  what  amounts  the  flow  enters  into 
the  gravel  basin. 

Construction  of  Arroyo  Valle  Reservoir  will 
hold  back  the  floods,  until  such  time  as  it  is 


convenient  to  release  the  flow,  and  eliminates 
the  flow  from  that  area  as  contributing  to  the 
gravel  reservoir  during  the  periods  of  flood 
flow.  As  the  distribution  has  shown,  the  dis- 
charge of  the  Arroyo  Valle  Creek  averages 
one-half  of  the  whole  contribution  to  the  Liver- 
more  Valley. 

The  flow  of  the  Arroyo  Mocho  will  naturally 
find  its  way  into  the  gravels;  its  discharge  has 
rarely,  if  ever,  contributed  to  the  surface  flow 
of  the  Creek  in  the  vicinity  of  Pleasanton.  This 
is  also  the  case  with  the  flow  from  the  Arroyo 
Valle  below  the  reservoir  site,  and  the  upper 
and  lower  Livermore  areas. 

There  is,  therefore,  only  to  be  considered  if 
the  discharges  coming  from  the  Positas,  Tassa- 
jero and  Alamo  Creeks  can  enter  into  the 
gravel  beds  during  their  period  of  flow. 

Prom  the  Tabulation  of  Segregated  Plow 
(page  146)  it  is  seen  that  the  combined  dis- 
charges of  the  Positas,  Tassajero     and     Alamo 

Creeks  are  as  follows : 

M.  G. 

1889-90 19,348 

1890-91 4,973 

1891-92 

1892-93 11,742 

1893-94 7,581 

1894-95 10,306 

1895-96 4,472 

1896-97 7,866 

1897-98 

1898-99 

1899-00 

1900-01 4,230 

1901-02 3,406 

1902-03 5,895 

1903-04 1,191 

1904-05 122 

1905-06 6,494 

1906-07 15,260 

1907-08 2,019 

1908-09 9,960 

1909-10 1,761 

1910-11 11,450 

1911-12 1,955 

In  the  years  of  high  discharge,  1889-90,  92- 
93,  94-95,  1906-07  and  1910-11,  examination  of 
the  total  run-off  will  show  that  the  high  dis- 
charges continue  over  a  period  from  3  to  4 
months,  with  usually  one  month  of  extremely 
high  discharge  in  that  period,  ranging  from 
two  to  three  times  the  average  discharge  of 
the  remaining  months  of  the  period  of  flow. 

On  the  assumption  of  a  distribution  of  the 
flow  over  four  months,  it  will  be  noted  that  the 
maximum  discharge,  occurring  in  1889-90, 
means  an  average  monthly  discharge  of  4,837 
million  gallons,  or  161  M.  G.  D. 
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To  be  more  exact,  the  following  is  the  month- 
ly volume  of  discharge  from  the  Positas,  Tassa- 
jero  and  Alamo  Creeks,  from  December,  1889, 
to  June,  1890,  inclusive,  distributed  in  the 
proportion  credited  to  these  areas  for  the  season 

1889-90. 

Per  Average 

Month  Per  Day 

M.  G.  M.  G. 

December   4,073  131.4 

January    7,706  248.6 

February    3,673  131.2 

March    2,088  67.4 

April    511  17.0 

May    286  9.2 

June    110  3.7 

Observations  of  the  absorption  by  the  gravel 
beds  are  none  too  numerous,  but  from  what  are 
available  a  reasonably  accurate  conclusion  can 
be  found  of  the  limitation  of  such  absorption. 

Mr.  F.  H.  Tibbetts  made  two  observations  in 
1906.  On  the  first  occasion,  Jan.  14th,  1906,  of 
1136  cubic  feet  per  second  passing  the  Cresta 
Blanca  bridge,  only  600  cubic  feet  per  second 
passed  the  Pleasanton  bridge.  The  difference 
absorbed,  536  cubic  feet  per  second,  means 
346  million  gallons  per  day. 

On  the  second  occasion,  December  27,  1906, 
with  270  cubic  feet  per  second  observed  on  the 
upper  section,  there  were  249  cubic  feet  per 
second  at  the  lower,  an  absorption  of  21  cubic 
feet  per  second,  or  13%  million  gallons. 

On  January  27th,  1912,  Messrs.  Mulholland 
and  Lippincott  observed  a  complete  loss  of  4-5 
ci^bic  feet  per  second — 29  M.  G.  D.  in  a  distance 
of  3,000  lineal  feet  of  stream  channel. 

The  following  are  a  series  of  observations  of 
absorption  made  by  Mr.  T.  W.  Espy  of  the 
Spring  Valley  Water  Company : 

Length 
Lower      of 
Upper  Measure.                 Meas-  Chan- 
Date,  1912.                                                                     ure.  nel. 
C.  F.  S.  M.  G.  D.                M.  G.  Lin.  ft. 
I>. 

March  13 142.5        92                    0.0  3,800 

"       13 117.6         76                    0.0  3,800 

"       14 87.8         57                     0.0  4,800 

15 64.0         41  0.0  

"       16 83.0         54  0.0  

16 72.0         46  0.0  

"       17 44.0         28  0.0  

18 35.0         23                    0.0  2,550 

It  will  be  noted  that  the  extreme  daily  flow 
from  the  Positas,  Tassajero  and  Alamo  Creeks, 
248.6  M.  G.  per  day,  January,  1890,  does  not 
reach  the  maximum  absorption  of  346  M.  G.  ob- 
served in  January,  1906.     All  the  other  daily 


flows  from  these  creeks,  in  that  season,  are  be- 
low the  absorption  observed  by  Mr.  Espy. 

It  has  also  to  be  noted,  as  will  be  later  evi- 
dent, that  the  total  volume  of  flow  in  the  season 
1889-90  was  otherwise  so  large  that  waste  was 
inevitable  and  has  been  allowed  as  such  in  the 
table  of  distribution  submitted. 

In  subsequent  years,  the  tables  submitted 
show  an  inflow  that  can  be  absorbed  with  read- 
iness, except  in  such  years  when  the  excess  is 
treated  as  waste  in  any  event. 

Further,  all  these  observed  absorptions  oc- 
curred in  the  natural  channel  of  the  creek  it- 
self. Development  would  naturally  involve  the 
spreading  of  the  stream  discharges  over  broad 
areas.  There  is,  therefore,  no  doubt  entertained 
of  the  certainty  of  absorbing  all  of  the  waters 
secured  from  the  three  strea/ms  remaining  as 
the  direct  source  of  supply  to  the  gravel  beds 
during  the  flood  periods,  even  in  seasons  of  high 
flow  as  indicated.  In  seasons  of  normal  flow, 
the  water  would  naturally  be  readily  absorbed. 

Further,  it  would  be  the  purpose  to  keep  the 
water  table  depressed  partly  to  prevent  evapor- 
ation loss  and  partly  to  provide  storage  space 
for  flood  waters.  This  would  improve  absorp- 
tion conditions. 

In  this  connection  there  is  to  be  considered 
the  possibility  of  diverting  the  Positas,  Alamo 
and  Tassajero  waters,  so  that  such  discharges 
as  do  not  now  enter  the  gravel  beds  by  reason 
of  the  impervious  character  of  the  stream  beds 
may  be  led  to  suitable  locality  for  absorption. 

It  is  not  necessary  to  enter  at  this  time  into 
any  discussion,  more  or  less  speculative,  of  the 
geological  conditions  in  the  vicinity.  It  is  well 
known  that  the  gravel  beds  exist,  that  there  is  a 
very  large  surface  area  of  pervious  material,  in 
passing  over  which  water  will  be  absorbed  by 
the  gravels.  The  location  of  that  area  is  tol- 
erably well  defined;  it  is  relatively  close  to  the 
Positas  Creek  at  one  point,  and  it  is  not  greatly 
removed  from  either  the  Tassajero  or  Alamo 
Creeks.  From  any  or  all  of  these  creeks,  it  is  a 
comparatively  simple  task  to  create  diverting 
channels,  through  which  their  waters  can  be 
conveyed  to  the  area  known  to  be  absorptive. 

The  following  tables  show  the  estimated  per- 
formance of  the  Reservoir  in  Livermore  Valley 
from  1889  to  date. 

The  inflow  is  composed  of  the  annual  dis- 
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change  from  the  following  drainage  areas — 
Arroyo  Moeho,  Arroyo  Valle  below  the  reser- 
voir site,  the  upper  and  lower  Livermore  Val- 
leys, Positas,  Tassajero  and  Alamo  Creeks,  and 
from  1899  to  January  1,  1906,  Arroyo  Valle 
above  the  damsite. 

A  daily  draft  of  30  million  gallons  is  assumed, 
equivalent  to  an  annual  draft  of  10,950  million 
gallons. 

The  flow  would  be  regulated  by  pumping,  or 
when  possible,  by  drawing  from  the  excess  stor- 
age in  any  of  the  surface  reservoirs,  particu- 
larly Calaveras,  Crystal  Springs  and  Arroyo 
Valle.  i    :    I 

The  table  (pages  164-167)  is  largely  self- 
explanatory,  but  some  comments  in  detail  may 
more  clearly  convey  the  method  of  operation. 

Commencing  with  December,  1889,  at  the  be- 
ginning of  the  period  of  observations,  the  vol- 
umes for  the  balance  of  the  season  are  so  great 
that  the  assumed  draft  is  not  sufficiently  heavy 
to  take  away  the  flow  and  the  season  would  end 
with  the  reservoir  full  to  the  ground  surface. 

In  1890-91,  while  the  seasonal  inflow  is  less 
than  the  seasonal  draft,  the  latter  is  not  sufficient 
to  more  than  reduce  the  water  table  to  a  height 
of  4.44  feet  above  the  zero  line  (which  is  con- 
sidered as  being  8  feet  below  the  ground  sur- 
face). The  volume  embraced  in  one  foot  of 
depth  being  computed  at  850  M.  G.  on  the  basis 
of  an  area  of  24  square  miles  in  the  Gravel  Res- 
ervoir, with  17  per  cent  porosity. 

In  the  following  season,  1891-92,  the  total  de- 
ficiency of  10,980  million  gallons — the  total 
draft,  as  there  was  no  inflow  in  that  season, 
meant  a  depression  of  the  water  table  by  12.89 
feet,  bringing  it  to  a  point  8.45  feet  below  the 
zero  line. 

In  1892-93  there  is  a  total  inflow  of  21,992 
million  gallons,  an  excess  of  11,042  million  gal- 
lons over  the  draft.  The  water  table,  at  the 
end  of  the  period,  is  5.45  feet  above  the  zero 
line. 

The  condition  of  water  table  above  zero  line 
prevails,  in  varying  depths,  until  the  end  of 
1895-96.  On  several  occasions  during  that  period, 
the  increase  of  height  above  zero  line  would  be 
above  the  ground  surface  and  when  that  oc- 
curs the  excess  is  treated  as  waste,  and  subse- 
quent reductions  of  the  water  table  treated  as 
being  from  the  ground  surface.     In  all  proba- 


bility, however,  in  such  periods,  the  draft  from 
the  Gravel  Reservoir  could  be  increased  and  les- 
sened upon  the  other  sources  of  supply,  always 
with  the  object  of  reducing  the  water  table,  at 
least  to  the  zero  line,  to  save,  evaporation  loss, 
and  below  that,  to  provide  storage  room  for  the 
next  volume  of  inflow. 

Beginning  with  1897-98  a  series  of  years  fol- 
low one  another  in  which  there  is  an  inflow 
greatly  inadequate  for  the  supply  of  the  annual 
draft  commencing  with  three  seasons  of  no  in- 
flow at  all. 

At  that  time,  at  the  end  of  the  season  1896-97, 
there  was  an  accumulation  of  excess  storage 
from  Calaveras  Creek  of  40,185  M.  G.,  8,685 
M.  G.  in  the  Calaveras  Reservoir  and  31,500  M. 
G.  in  the  Crystal  Springs  Reservoir,  and  this 
accumulation  and  the  direct  flow  from  the 
Sunol-Sinbad  Creek  area  would  be  drawn  upon 
directly  when  required  to  meet  the  deficiency  in 
the  Gravel  Reservoir  as  long  as  it  would  last,  as 
the  tables  show,  until  1904-05.  In  other  words, 
the  draft  upon  the  surface  reservoirs  and  Gravel 
Reservoir  would  be  interchangeable,  increasing 
upon  the  several  sources  as  the  demand  and  the 
supply  would  require. 

Following  upon  the  season  1904-05,  when  the 
excess  storage  in  the  surface  reservoirs  would  be 
exhausted,  the  deficiency  would  be  met  directly 
by  pumping  from  the  Gravel  Reservoir,  resulting 
in  a  maximum  depression  of  the  water  table, 
in  1905-06,  of  19.61  feet,  below  the  zero  line. 

As  noted  on  the  tables,  there  were  7,396  M.  G. 
accumulated  in  the  Calaveras  Reservoir  during 
the  season  of  1906-07,  which  could  be  drawn 
upon  in  place  of  pumping  from  the  Gravel  Res- 
ervoir, thereby  saving  the  depression  of  the 
water  table  to  the  depth  equivalent  to  that  vol- 
ume, or  8.7  feet. 

Similar  accumulations  occur  later,  in  1908-09, 
of  8,685  M.  G.  for  Calaveras  Reservoir  and  2,280 
M.  G.  for  Crystal  Springs,  and  again  in  1910-1 1, 
of  8,685  M.  G.  for  Calaveras  Reservoir,  and  16 
M.  G.  for  Crystal  Springs.  These  accumu- 
lations could  be  drawn  upon,  in  place 
of  continuing  draft  on  Gravel  Reservoir.  Such 
a  course  would  lessen  surface  evaporation  in 
these  reservoirs,  and  increase  the  height  of  water 
table  in  the  Gravel  Reservoir.  The  latter  effect 
might  not  be  desirable ;  it  might  be  better  to  have 
the  water  table  low,  as  a  glance  at  the  monthly 
positions  in  those  years  will  show.     In  Decern- 
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ber,  1910,  the  water  table  is  7.99  feet  below  the 
zero  line ;  in  January,  1911,  it  is  0.12  feet  above, 
and  in  March,  1911,  it  is  13.72  feet  above.  In 
other  words,  the  storage  capacity  provided  by  a 
depth  of  8.00  feet  was  not  sufficient  to  give  room 
to  the  large  inflow  in  these  months,  without  ris- 
ing above  the  zero  line. 

The  illustration  fully  indicates  the  advisabil- 
ity of  maintaining  a  steady  and  relatively  high 
draft  upon  the  Gravel  Reservoir  and  affords 
proof  of  the  value  of  the  interchanegability  of 
the  various  parts  of  the  system. 

With  these  notes  the  tables  submitted  on  the 
following  pages  set  out  clearly  that  a  draft  of 
30  M.  G.  D.  can  be  safely  maintained  through 
the  entire  period,  with  an  extreme  depression 
of  19.61  feet,  in  one  month,  December,  1905. 

GRAVEL  RESERVOIR. 

ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Assume  water  plane  at  0.00,  8  feet  below 
ground  surface  at  start.  Consider  flow  from 
Sunol-Sinbad  Creek  area. 


Inflow 
from  all 
sources. 

M.  G. 

Dec 7,542 

Jan 14,263 

Feb 6,801 

March...  3,870 

April 953 

May 537 

June 211 


1889-90. 

Gain 
Monthly  or 

ciraft.  loss. 

M.  G.  M.  G. 
600(a)  -1-  6,942 
...(b)  +14,263 
...(c)  +  6,801 
930((i)  +  2,940 
900(e)  -I-  53 
930  —  393 
900    —  689 


Gain  Height 

or  of  water 
loss.  table. 

Feet.  Feet. 

-I-  8.16  -I-  8.16* 

4-16.78  +24.94* 

+  8.00  +32.94* 

+   3.46  +36.40* 

+     .06  +36.46* 

—  .46  +  7.54t 

—  .81  +  6.73 


34,177 


1890-91. 


July 155 

Aug 132 

Sept 118 

Oct 124 

Nov 124 

Dec 253 

Jan 273 

Feb 3,159 

March...  3,553 

April 643 

May 288 

June 172 


930 
930 
900 
930 
900 
930 
930 
840 
930 
900 
930 
900 


775 
798 
782 
806 
776 
677 
657 
2,319 
2,623 
257 
642 
728 


—  .91 

—  .94 

—  .92 

—  .95 

—  .91 

—  .80 

—  .77 
+  2.73 
+  3.09 

—  .30 

—  .75 


+  6.73 

+  5.82 

+  4.88 

+  3.96 

+  3.01 

+  2.10 

+  1.30 

+  .53 

+  3.26 

+  6.35 

+  6.05 

+  5.30 

+  4.44 


♦Above  ground  surface   (waste). 
tStarting  from  ground  surface. 

(a)  330  M.   G.   for  December  from   Sunol-Sinbad  Creek 
area. 

(b)  3,100  M.   G.   tor  January  from   Sunol-Sinbad  Creek 
area  (full  capacity  of  conduit). 

(c)  2,800  M.   G.  for  February  from   Sunol-Sinbad  Creek 
area  (full  capacitv  of  conduit). 

(d)  1,720    M.    G.    for    March    from    Sunol-Sinbad   Creek 
area,  leaving  1,380  M.  G.  capacity  to  flU  draught. 

(e)  540  M.  G.  tor  April  from  Sunol-Sinbad  Creek  area, 
leaving  2,460  M.  G.  capacity  to  fill  draught. 


Inflow 
from  all 
sources. 

M.  G. 

July 0.0 

Aug 0.0 

Sept 0.0 

Oct 0.0 

Nov 0.0 

Dec 0.0 

Jan 0.0 

Feb 0.0 

March...  0.0 

April 0.0 

May 0.0 

June 0.0 

July 60 

Aug 33 

Sept 22 

Oct 22 

Nov 3,015 

Dec 8,639 

Jan 2,671 

Feb 4,752 

March...  1,172 

April 1,074 

May 437 

June 95 

July 90 

Aug 67 

Sept 45 

Oct 29 

Nov 47 

Dec 94 

Jan 3,673 

Feb 8,355 

March...  860 

April 206 

May 124 

June 81 


13,671 


July 61 

Aug 38 

Sept 34 

Oct 50 

Nov 24 

Dec 3,871 

Jan 10,655 

Feb 2,768 

March ...      669 

April 453 

May 342 

June 107 


1891-92. 

Gain 
Monthly  or 

draft.  loss. 

M.  G.         M.  G. 


930 
930 
900 
930 
900 
930 
930 
870 
930 
900 
930 
900 


930 
930 
900 
930 
900 
930 
930 
870 
930 
900 
930 
900 


1892-93. 


930 
930 
900 
930 
900 


—  870 

—  897 

—  878 

—  908 
+  2,115 

930  +  7,709 
930  +  1,741 
840  +  3,912 
163(a)  +  1,009 
900  +  174 
930  —  493 
900    —  805 

1893-94. 


930 

930 

900 

930 

900 

930 

...(c) 

...(b) 

930 

900 

930 

900 


+ 


840 

863 

855 

901 

853 

836 

3,673 

8,355 

70 

694 

806 

819 


1894-95. 


930 

930 

900 

930 

900 

930 

...(d) 

...(e) 

930 

900 

930 

900 


—  869 

—  892 

—  866 

—  880 

—  876 
+  2,941 
+10,655 


+ 


2,768 
261 
447 
558 
793 


Gain 

or 
loss. 
Feet. 

-  1.09 

-  1.09 

-  1.06 

-  1.09 

-  1.06 

-  1.09 

-  1.09 

-  1.02 

-  1.09 

-  1.06 

-  1.09 

-  1.06 


1.02 
1.05 
1.03 
1.07 
2.49 
9.07 
2.05 
4.60 
1.19 
0.20 
0.58 
0.95 


Height 

of  water 

table. 

Feet. 

+  4.44 


3.35 
2.26 
1.20 
0.11 
0.95 
2.04 
3.13 
4.15 
5.24 
6.30 
7.39 
8.45 


—  8.45 

—  9.47 
—10.52 
—11.55 
—12.62 
—10.13 

—  1.06 
+  0.99 
+  5.59 
+  6.78 
+  6.98 
+  6.40 
+  5.45 


+  5.45 

—  0.99  +  4.46 

—  1.01  +  3.45 

—  1.00  +  2.45 

—  1.06  +  1.39 

—  1.00  +  0.39 

—  0.98  —  0.59 
+  4.32  +  3.73 
+  9.83  +13.56t 

—  .08  +  7.92 

—  .82  +  7.10 

—  .95  +  6.15 

—  .96  +  5.19 


+  5.19 

—  1.02  +  4.17 

—  1.05  +  3.12 

—  1.02  +  2.10 

—  1.04  +  1.06 

—  1.03  +  0.03 
+  3.46  +  3.43 
+12.54  +15.97t 
+  3.25  +19.22t 

—  0.31  +  7.69 

—  0.53  +  7.16 

—  0.69  +  6.47 

—  0.93  +  5.54 


tAbove  ground  surface. 

(a)  2,937  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
163  M.  G.  to  capacity  of  conduit. 

(b)  2,800   M.    G.    from    Sunol-Sinbad  Creek   area— full 
capacity  of  conduit. 

(c)  3,100    M.    G.    from    Sunol-Sinbad  Creek    area— full 
capacity  of  conduit. 

(d)  3,100    M.    G.    from    Sunol-Sinbad  Creek    area— full 
capacity  of  conduit. 

(e)  2,800    M.    G.    from    Sunol-Sinbad  Creek    area — full 
capacity  of  conduit. 


PERFORMANCE  OF  GRAVEL  RESERVOIR. 
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1895-96. 


Inflow 
from  all 
sources. 

M.  G. 

July 60 

Aug 58 

Sept 57 

Oct 77 

Nov 78 

Dec 89 

Jan 4,551 

Feb 451 

March...  480 

April 2,293 

May 557 

June 136 

July 65 

Aug 50 

Sept 49 

Oct 56 

Nov 326 

Dec 515 

Jan 530 

Feb 5,516 

March...  5,768 

April 935 

May 244 

June 82 

July 0.0 

Aug 0.0 

Sept 0.0 

Oct 0.0 

Nov 0.0 

Dec 0.0 

Jan 0.0 

Feb 0.0 

March...  0.0 

April 0.0 

May 0.0 

June 0.0 


Monthly 
draft. 
M.  G. 

930  — 

930  — 

900  — 

930  — 

900  — 

930  — 

400(a)  + 

870  — 


Gain 
or 

loss. 
M.  G. 


930 
900 
930 
900 


870 
872 
843 
853 
822 
841 
4,151 

—  419 

—  450 
+  1,393 

—  373 

—  764 


+ 


1896-97. 


930 
930 
900 
930 
900 
930 
930 
840 


+ 


741(b)  -I- 
900  -I- 
930  — 
900        — 


865 

880 

851 

874 

574 

415 

400 

4,676 

5,027 

35 

686 

818 


Gain 

or 
loss. 
Feet. 

—  1.02 

—  1.02 

—  0.99 

—  1.00 

—  0.97 

—  0.99 
-f  4.88 

—  0.49 

—  0.53 
1.64 
0.44 
0.90 


1.02 
1.04 
1.00 
1.03 
0.68 
0.49 
0.47 
5.50 
5.91 
0.04 
0.81 
0.96 


Height 
of  water 

table. 

Feet. 


1897-98. 


930 
930 
900 
930 
900 
930 
930 
840 
930 
900 
930 
900 


930 
930 
900 
930 
900 
930 
930 
840 
930 
900 
930 
900 


1.09 
1.09 
1.06 
1.09 
1.06 
1.09 
1.09 
0.99 
1.09 
1.06 
1.09 
1.06 


(3-RAVEL  RESERVOIR. 


5.54 
4.52 
3.50 
2.51 
1.51 
0.54 
0.45 
4.43 
-f  3.94 
-I-  3.41 
-1-  5.05 
+  4.61 
+   3.71 


+ 

+ 
+ 
+ 
+ 

+ 

+ 


+ 
+ 
+ 

+ 


+ 


3.71 

2.69 
1.65 
0.65 
0.38 
1.06 
1.55 
2.02 
3.48 
+  9.39* 
-f  9.43* 
+  7.19 
-I-  6.23 


+ 

+ 
-I- 
+ 
+ 

+ 


6.23 
5.14 
4.05 
2.99 
1.90 
0.84 
0.25 
1.34 
2.33 
3.42 
4.48 
5.57 
6.63 


ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Withdraw  all  stored  water  in  Arroyo  Valle 
Reservoir  at  beginning  of  season=:6,821  M.  G.^ 
8.02  feet.  Put  all  Arroyo  Valle  water  directly 
into  gravel  reservoir.  Draw  Arroyo  Valle  daily 
draft,  18  M.  G.  D.,  directly  from  reservoir.  Draw 
equivalent  of  30  M.  G.  D.  for  gravel  reservoir 
from  Crystal  Springs  Reservoir  (holding  31,- 
500  M.  G.  at  start). 

— 6.63  at  beginning. 

Add  Arroyo  Valle^     8.02  at  beginning. 


+1.39  at  beginning. 


(a)  2,700  M.  G.  from  Sunol-Sinbad  area,  leaving  400  M. 
G.  for  gravel  reservoir. 

•Above  ground  surface. 

(b)  2,359  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
741  M.  G.  to  capacity  of  conduit. 


1898-99. 

Inflow  Gain  Gain  Height 

from  all  Monthly  or  or  of  water 

sources.         draft.  loss.  loss.  table. 

M.  G.            M.  G.  M.  G.  Feet.  Feet. 

4-  1.39 

July 29  558  —  529  —  .62  -f-  0.77 

Aug 22  558  —  536  —  .63  -|-  0.14 

Sept 23  540  —  517  —  .61  —0.47 

Oct 37  558  —  521  —  .61  —1.08 

Nov 37  540  —  503  —  .59  —  1.67 

Dec 38  558  —  520  —  .61  —2.28 

Jan 113  558  —  445  —  .52  —2.80 

Feb 43  504  —  461  —  .54  —3.34 

March...  4,363  ...(a)  -f  4,363  +  5.13  -|-  1.79 

April 231  540  —  309  —  .36  -|-  1.43 

May 80  558  —  478  —  .56  -f-  0.87 

June 84  540  —  456  —  .54  -1-  0.33 

5,100 

GRAVEL  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 
Put  all  Arroyo  Valle  water  directly  into  gravel 
reservoir.  Draw  Arroyo  Valle  daily  draft=18 
M.  G.  D.  directly  from  gravel  reservoir.  Draw 
equivalent  of  30  M.  G.  D.  for  gravel  reservoir 
from  Crystal  Springs  Reservoir^  (10,950  M.  G. 
during  year.) 

1899-1900.  +  0.33 

July 53  558  —  505  —0.59  —  0^26 

Aug 50  558  —  508  —  0.60  —  0.86 

Sept 47  540  —  493  —0.58  —1.44 

Oct 50  558  —  508  —0.60  —2.04 

Nov 136  540  —  404  —  0.48  —  2.52 

Dec 447  558  —  111  —0.13  —2.65 

Jan 2,547  558  +1,989  +2.34  —0.31 

Feb 168  504  —  336  —0.40  —0.71 

March...  533  558  —  25  —0.03  —0  74 

April 187  540  —  353  —0.41  —1.15 

May 121  558  —  437  —0.51  —1.66 

June 61  540  —  479  —  0.56  —  2.22 

GRAVEL  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 
Put  all  run-off  from  Arroyo  Valle  and  other 
tributaries  directly  into  Gravel  Reservoir.  Draw 
all  of  Arroyo  Valle— 18  M.  G.  D.  from  it.  Draw 
all  of  Gravel  Reservoir — 30  M.  G.  D.  from  it. 

1900-01.  _  2  22 

July 95  1,488  —1,393  —1.64  -386 

Aug 93  1,488  —  1,395  —  1.64  —  5  50 

Sept 87  1,440  —1,353  —1.59  —7  09 

Oct 169  1,488  —1,319  —1.55  —8  64 

Nov 3,282  1,440  +1,842  +2.17  —6  47 

Dec 484  1,488  —1,004  —1.18  —7  65 

Jan 2,558  1,488  +1,070  +1.26  —6  39 

Feb 7,130  ...(b)    +7,130  +8.39  +2.00 

March...  1,370  1,488  —     118  —0.14  -f  1 86 

April 585  1,440  —     855  —101  +      85 

May 547  1,488  —     941  —  1 11  _    "26 

June 280  1,440  —1,160  —1.36  —  l!62 

(a)  3,100    M    G.    from    Sunol-Sinbad  Creek    area— full 
capacity  of  conduit — in  March.  a.i<=a.— luii 

(b)  2,800   M    G.    from    Sunol-Sinbad  Creek    area^full 
capacity  of  conduit.  <iicei^-iuii 
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GRAVEL  RESERVOIR. 

ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Put  all  run-off  from  Arroyo  Valle  and  tribu- 
taries into  Gravel  Reservoir.  Draw  all  of  30  M. 
G.  D.  from  Gravel  Reservoir.  Draw  all  of  18 
M.  G.  D.  (Arroyo  Valle)  from  Gravel  Reservoir. 


1901-02. 

Inflow 

Gain 

Gain 

Height 

from  all 

Monthly 

or 

or 

of  water 

sources. 

draft. 

loss. 

loss. 

table. 

M.  G. 

M.  G. 

M.  G. 

Feet. 

Feet. 
—  1.62 

July.... 

.       202 

1,488 

—  1,286 

—  1.51 

—  3.13 

Aug .  .  . 

.  .       149 

1,488 

—  1,339 

—  1.58 

—  4.71 

Sept...  . 

.  .       119 

1,440 

—  1,321 

—  1.55 

—  6.26 

Oct.... 

119 

1,488 

—  1,369 

—  1.61 

—  7.87 

Nov .  .  . 

.  .      125 

1,440 

—  1,315 

—  1.55 

—  9.42 

Dec. . . . 

. .      280 

1,488 

—  1,208 

—  1.42 

—10.84 

Jan. . . . 

..       135 

1,488 

—  1,353 

—  1.59 

—12.43 

Feb. . . . 

..    3,728 

763(a) 

-1-  2,965 

-1-  3.49 

—  8.94 

March . 

.  .   5,521 

1,488 

+  4,033 

+  4.74 

—  4.20 

April . . 

. .   1,030 

1,440 

—     410 

—  0.48 

—  4.68 

May.  . . 

..      470 

1,488 

—  1,018 

—  1.19 

—  5.87 

June. . . 

..      246 

1,440 

—  1,194 

—  1.40 

—  7.27 

GRAVEL  RESERVOIR. 

ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Put  all  run-off  from  Arroyo  Valle  and  trib- 
utaries into  Gravel  Reservoir.  Draw  all  of  30 
M.  G.  D.  from  Gravel  Reservoir.  Draw  all  of 
18  M.  G.  D.  (Arroyo  Valle)  from  Gravel  Res- 
ervoir. 


1902-03. 


July 229 

Aug 191 

Sept 144 

Oct 159 

Nov 209 

Dec 201 

Jan 3,598 

Feb 2,933 

March...   6,037 

April 5,790 

May 688 

June 319 


1,488 
1,488 
1,440 
1,488 
1,440 
1,488 
1,488 
1,344 

569(b) 
1,440 
1,488 
1,440 


—  1,259 

—  1,297 

—  1,296 

—  1,329 

—  1,231 

—  1,287 
+  2,110 
+  1,589 
+  5,468 
+  4,350 

—  800 

—  1,121 


—  1.48 

—  1.53 

—  1.52 

—  1.56 

—  1.45 

—  1.51 
+  2.48 
-f  1.87 
+  6.44 
-1-  5.12 

—  .94 

—  1.32 


—  7.27 

—  8.75 
—10.28 
—11.80 
—13.36 
—14.81 
—16.32 
—13.84 
—11.97 

—  0.41 

—  0.41 

—  1.35 

—  2.67 


GRAVEL  RESERVOIR. 

ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Put  all  run-off  from  Arroyo  Valle  and  other 
tributaries  into  Gravel  Reservoir.  Draw  equiv- 
alent of  30  M.  G.  D.  from  Crystal  Springs  Res- 
ervoir or  Calaveras  Reservoir  surplus.  Remain- 
ing in  Crystal  Springs  at  beginning  of  season 


(a)  2,037  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
763  M.  G.  for  full  capacity  of  conduit. 

(b)  2,531    M.    G.     from    Sunol-Sinbad    Creek    area    in 
March,  leaving  569  M.  G.  for  capacity  of  conduit. 


9,600  M.  G.— and  8,685  M.  G.  in  Calaveras  Res- 
ervoir surplus.  Total  draft  for  season — 10,980 
M.  G.  would  leave — 7,305  in  Calaveras. 

1903-04. 


Inflow 

Gain 

Gain 

Height 

from  all 

Monthly 

or 

or 

of  water 

sources. 

draft. 

loss. 

loss. 

table. 

M.  G. 

M.  G. 

M.,@. 

Feet. 

Feet. 
—  2.67 

July..., 

.  .       109 

558 

— 

449 

—  0.53 

—  3.20 

Aug. . . 

82 

558 

— 

476 

—  0.56 

—  3.76 

Sept.... 

86 

540 

— 

454 

—  0.53 

—  4.29 

Oct 

62 

558 

— 

496 

—  0.58 

—  4.87 

Nov . . . 

.  .      153 

540 

— 

387 

—  0.45 

—  5.32 

Dec... 

98 

558 

— 

460 

—  0.54 

—  5.86 

Jan. .  . . 

. .      103 

558 

— 

455 

—  0.54 

—  6.40 

Feb.... 

. .   1,625 

...(a) 

+ 

1,625 

+  1.91 

—  4.49 

March . 

. .   3,088 

558(b) 

+ 

2,530 

-f-  2.98 

—  1.51 

April. . 

. .   1,072 

540 

+ 

532 

-1-  0.63 

—  0.88 

May . . . 

.  .      427 

558 

131 

—  0.15 

—  1.03 

June. .  . 

. .      135 

540 

— 

405 

—  0.48 

—  1.51 

GRAVEL  RESERVOIR. 

ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Put  all  run-off  from  Arroyo  Valle  and  other 
tributaries  in  Gravel  Reservoir.  Draw  18  M. 
G.  D.  (Arroyo  Valle)  direct  from  Gravel  Reser- 
voir. Draw  30  M.  G.  D.  from  Calaveras  Reser- 
voir surplus  up  to  7,005  M.  G.  to  February  18, 
1905,  leaving  300  M.  G.  in  Calaveras  surplus. 


1904-05. 


July 90 

Aug 112 

Sept 60 

Oct 63 

Nov 65 

Dec 100 

Jan 235 

Feb 600 

March . . .  1,058 

April 358 

May 308 

June 108 


558 

558 

540 

558 

540 

558 

558 

804 

1,488 

1,440 

1,488 

1,440 


468 

446 

480 

495 

475 

458 

323 

204 

430 

1,082 

1,180 

1,332 


0.55 
0.52 
0.56 
0.58 
0.56 
0.54 
0.38 
0.24 
0.51 
1.27 
1.39 
1.57 


—  1.51 

—  2.06 

—  2.58 

—  3.14 

—  3.72 

—  4.28 

—  4.82 

—  5.20 

—  5.44 

—  5.95 

—  7.22 

—  8.61 
—10.18 


GRAVEL  RESERVOIR. 


ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 

Put  all  run-off  from  Arroyo  Valle  and  other 
tributaries  into  Gravel  Reservoir  until  January 
1,  1906.  After  that  hold  Arroyo  Valle  run-off 
in  Arroyo  Valle  Reservoir.  Draw  30  M.  G.  D. 
continuously  from  Gravel  Reservoir.  Draw  18 
M.  G.  D.  from  Gravel  Reservoir  until  January 
1,  1906.  After  that  from  Arroyo  Valle  Reser- 
voir. 


(a)  2,800  M.  G.  from  Sunol-Sinbad  Creek  area — full 
capacity  of  conduit. 

(h)  2,470  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
630  M.  G.  capacity  in  conduit. 


REDUCTION  OP  EVAPORATION  LOSS. 
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Inflow 
from  all 
sources. 

M.  G. 

July 189 

Aug 170 

Sept 121 

Oct 107 

Nov 105 

Dec 118 

Jan 3,070 

Feb 1,400 

March.  .  .  4,566 

April 1,646 

May 461 

June 274 


1905-06. 

Gain 
Monthly  or 

draft.  loss. 

M.  G.         M.  G. 


1,488  —  1,299 

1,488  —  1,318 

1,440  —  1,319 

1,488  —  1,381 

1,440  —  1,335 

1,488  —  1,370 

..  .(a)  +  3,070 

840  +  560 

...(b)  +  4,566 

900  +  746 

930  —     469 

900  —  626 


Gain 

or 
loss. 
Feet. 

—  1.53 

—  1.55 

—  1.55 

—  1.62 

—  1.57 

—  1.61 
3.61 
0.66 

+  5.37 
+  0.88 

—  0.55 

—  0.74 


+ 
+ 


Height 
of  water 

table. 

Feet. 
—10.18 
—11.71 
—13.26 
—14.81 
—16.43 
—18.00 
—19.61 
—16.00 
—15.34 

—  9.97 

—  9.09 

—  9.64 
—10.38 


GRAVEL  RESERVOIR. 
ESTIMATED  PERFORMANCE  UNDER  CON- 
TINUED DRAFT  OF  30  M.  G.  D. 


1906-07. 


July 167 

Aug 127 

Sept 122 

Oct 110 

Nov 105 

Dec 1,675 

Jan 5,511 

Feb 2,272 

March.  .  .14,463 

April 1,911 

May 642 

June 345 


930 

930 

900 

930 

900 

930 

930 

840 

930(c) 

900 

930 

900 


763 
803 
778 
820 
795 
745 
4,581 
1,432 
+13,533 
-I-  1,011 

—  288 

—  555 


+ 
+ 
+ 


—10.38 

—  0.90  —11.28 

—  0.94  —12.22 

—  0.91  —13.13 

—  0.95  —14.08 

—  0.93  —15.01 
-f  0.88  —14.13 
-I-  5.39  —  8.74 
+  1.68  —  7.06 
+15.92  +  8.86* 
+  1.19  +10.05* 

—  0.34  +  7.66 

—  0.65  +  7.01 


July  . 
Aug.  . 
Sept.  . 
Oct.  . . 
Nov.  . 
Dec.  . 
Jan.  . .  . 
Feb.  . 
March 
April 
May  . 
June    . 


July  . 
Aug.  . 
Sept.  . 
Oct.  .. 
Nov.  . 
Dec.  . 
Jan.  .  . 
Feb.  . 
March 
April  . 
May  . 
June    . 


210 
150 
105 
103 
130 
362 
886 
797 
701 
202 
157 
97 


110 

85 

73 

65 

63 

74 

7,811 

6,961 

.  2,017 

416 

186 

139 


1907-08. 

930  —  720 

930  —  780 

900  —  795 

930  —  827 

900  —  770 

930  —  568 

720(d)    +  166 

870  —  73 

930  —  229 

900  —  698 

930  —  773 

900  —  803 


+  7.01 

0.85 

+  6.16 

0.92 

+  5.24 

0.94 

+  4.30 

0.97 

+  3.33 

0.91 

+  2.42 

0.67 

+  1.75 

0.19 

+  1.94 

0.09 

+  1.85 

0.27 

+  1.58 

0.82 

+  0.76 

0.91 

—  0.15 

0.94 

—  1.09 

1908-09. 


930 

930 

900 

930 

900 

930 

....(e) 

140(f) 

930 

900 

930 

900 


820 

845 

827 

865 

837 

856 

7,811 

6,821 

1,087 

484 

744 

761 


—  1.09 

—  0.96  —  2.05 

—  0.99  —  3.04 

—  0.97  —  4.01 

—  1.02  —  5.03 

—  0.98  —  6.01 

—  1.01  —  7.02 
+  9.19  +  2.17 
+  8.02  +10.19* 
+  1.28  +11.47* 

—  0.57  +  7.43 

—  0.87  +  6.56 

—  0.89  +  5.67 


(a)  3,100  M.  G.  from  Sunol-Sinbad  Creek  area  in  Jan- 
uary— full  capacity  of  conduit. 

(b)  3,100  M.  G.  from  Sunol-Sinbad  Creek  area  in  March 
— full  capacity  of  conduit. 

•Above  ground  surface. 

(c)  3,100  M.  G.  from  Sunol-Sinbad  Creek  area — full 
capacity  of  conduit — if  needed. 

(d)  2,380  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
720  M.  G.  for  full  capacity  of  conduit.  Surplus  at  Cala- 
veras Reservoir  this  year,  5,273  M.  G. 

(e)  3,100  M.  G.  from  Sunol-Sinbad  Creek  area — full 
capacity  of  conduit. 

(f)  2,660  M.  G.  from  Sunol-Sinbad  Creek  area,  leaving 
140  M.  G.  to  full  capacity  of  conduit. 


July  . 
Aug.  . 
Sept.  . 
Oct.  .. 
Nov.  . 
Dec. 
Jan.  . . 
Feb.  . 
March 
April  . 
May  .. 
June    . 


July  . 
Aug.  . 
Sept.  . 
Oct.  .  . 
Nov.  . 
Dec.  .. 
Jan.  .. 
Feb.  . 
March 
April  . 
May  .. 
June    . 


July  .. 
Aug.  . 
Sept.  . 
Oct.  .  . 
Nov.  . 
Dec.  .  . 
Jan.  . . 
Feb.  .. 
March 
April  . 
May  .. 
June    . 


Inflow 
from  all 
sources. 

M.  G. 

69 

64 

63 

73 

65 

460 

1,468 

607 

757 

335 

153 

86 


125 

120 

95 

50 

75 

100 

6,890 

2,820 

9,785 

530 

260 

150 


181 
195 
160 
175 
180 
193 
423 
325 
968 
335 
205 
160 


1909-10. 

Gain 
Monthly  or 

draft.  loss. 

M.  G.  M.  G. 


930 
930 
900 
930 
900 
930 
930 
840 
930 
900 
930 
900 


861 
866 
837 
857 
835 
470 
538 
237 
173 
565 
777 
814 


Gain 

or 
loss. 
Feet. 

—  1.01 

—  1.02 

—  0.98 

—  1.01 

—  0.98 

—  0.55 
+  0.63 

—  0.28 

—  0.20 

—  0.66 

—  0.91 

—  0.96 


Height 

of  water 

table. 

Feet. 

5.67 

4.66 

3.64 

2.66   • 

1.65 

0.67 

0.12 

0.75 

0.47 

0.27 

0.39 

1.20 

2.16 


+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


1910-11. 


930 

930 

900 

930 

900 

930 

...(a) 

840 

207(b) 

900 

930 

900 


805 

810 

805 

880 

825 

830 

6,890 

1,980 

9,578 

370 

670 

750 


1911-12. 


930 
930 
900 
930 
900 
930 
930 
870 
930 
900 
930 
900 


+ 


749 
735 
740 
755 
720 
737 
507 
545 
38 
565 
725 
740 


—  2.16 

—  0.95  —  3.11 

—  0.95  —  4.06 

—  0.95  —  5.01 

—  1.03  —  6.04 

—  0.97  —  7.01 

—  0.98  —  7.99 
+  8.11  +  0.12 
+  2.33  +  2.45 
+11.27  +13.72t 

—  0.44  +  7.56 

—  0.79  +  6.77 

—  0.88  +  5.89 


+  5.89 

—  0.88  +  5.01 

—  0.86  +  4.15 

—  0.87  +  3.28 

—  0.89  +  2.39 

—  0.85  +  1.54 

—  0.86  +  0.68 

—  0.60  +  0.08 

—  0.64  —  0.56 
+  0.04  —  0.52 

—  0.66  —  1.18 

—  0.85  —  2.03 

—  0.87  —  2.90 


Water  Secured  From  Reduction 
of  Evaporation  Loss. 

Upon  this  feature,  reference  is  made  to  the 
accompanying  report  on  Evaporation  from  Wet 
Lands  in  Livermore  Valley  (page  482),  in  which 
the  results  observed  by  the  Los  Angeles  Aque- 
duct Commission  are  considered  in  relation  to  the 
Livermore  Valley,  following  a  thorough  field  in- 
vestigation of  the  existing  conditions. 

It  is  there  shown  that  the  average  annual  loss 
by  evaporation  and  transpiration  from  the  wet 
lands  in  the  Livermore  Valley,  prior  to  effective 
drainage,  amounted  to  21  M.  G.  D.  and  had  been 
reduced,  in  the  dry  season  of  1912,  to  10  l\r,  G. 
D.  Of  the  total  of  21  M.  G.  D.,  considering  that 
some  portion  of  the  total  area  may  not  drain 


tAbove  ground   surface. 

(a)  3,100    M.    G.    from    Sunol-Sinbad    Creek    area — full 
capacity  of  conduit  in  January. 

(b)  2,893  M.  G.  from  Sunol-Sinbad  Creek  area  in  March 
leaving  207  for  capacity  of  conduit. 
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readily  and  that  a  complete  saving  could  not  be 
eeonomieally  effected,  75  per  cent  is  assumed  or 
a  total  of  15.7  M.  G.  D. 

It  is  intended,  in  the  development  of  the 
Gravel  Reservoir,  to  maintain  the  water  table  at 
8  feet  below  the  ground  surface,  and  as  the 
tables  of  draft  submitted  show  that  it  would 
not  always  be  possible  to  maintain  the  water 
table  below  that  level,  some  further  reduction  of 
the  gain  should  be  made.  Assuming  this  amount 
at  25  per  cent,  there  Avould  be  a  gain  of  11.775 
M.  G.  D.  from  this  source,  or  say  12  M.  G.  D. 

Local  Consumption  of  Water 
in  Livermore   Valley. 

The  information  regarding  the  present  con- 
sumption of  water  in  the  Livermore  Valley,  con- 
sisting, outside  of  the  domestic  supply  of  the 
towns  of  Pleasanton  and  Livermore,  of  house- 
hold supply  on  the  various  farms,  for  industrial 
uses,  road  sprinkling,  etc.,  is  not  very  extensive. 
The  town  supplies  are  given  as  approximately 
800,000  gallons  per  day,  and  the  other  uses 
about  700,000  gallons  per  day,  or  a  total  of 
1,500,000  gallons  per  day. 

This  appears  to  be  a  high  estimate,  and  con- 
sidering future  developments,  it  is  believed  that 
an  allowance  of  2  M.  G.  D.  will  fully  cover  the 


consumption  of  the  Livermore  Valley  for  some 
time  to  come. 

SUMMARY  OF  REGULATED  FLOW  FROM 
ALAMEDA  SYSTEM. 

Calaveras  Reservoir. 

The  tabulation  has  shown  that  there  is  a  safe 
daily  yield  of  57  M.  G.  D.  In  addition  to  that, 
there  has  been  a  surplus  accumulated  during  the 
period  of  23  years,  stored  in  either  Calaveras  or 
Crystal  Springs  Reservoirs,  and  used  as  supple- 
mental when  and  where  required,  a  total  of 
123,249  M.  G.,  of  which  amount  39,885  M.  G. 
has  been  utilized  to  equalize  the  Gravel  Reser- 
voir, leaving  83,364  million  gallons  available. 
This  is  equivalent  to  an  annual  yield  of  3,625 
M.  G.,  or  a  daily  yield  of  9.93  M.  G.  D. 

San  Antonio  Reservoir. 

The  tabulation  has  shown  this  reservoir  to  be 
able  to  supply  a  safe  yield  of  8.5  M.  G.  D.  sup- 
plemented by  direct  flow  from  Sunol-Sinbad 
Creek  area. 

Sunol'Sinbad  Creek  Area. 

For  this  area  has  been  shown  a  controlled 
flow  aggregating  84,777  M.  G.  for  23  years  or 


TABULATION  SHOWING  DIRECT  FLOW  FROM  SUNOL  AREA  USED  TO  EQUAL- 
IZE FLOW  FROM  OTHER  RESERVOIRS. 

San    Antonio    Reservoir. 

M.  G. 


Gravel  Reservoir. 

Arr 

oyo  "^ 

i''alle  Reservoir. 

M.  G. 

M.  G. 

1892-93 

March 

767 

1893-94 

Jan. 
Feh. 

930 
840 

1894-95 

Jan. 
Feb. 

930 

840 

1895-96 

Jan. 

530 

1896-97 

March 

189 

1898-99 

March 

558 

1900-01 

Feb. 

840 

1900-01 

Feb. 

504 

1901-02 

Feb. 

77 

Feb. 

504 

1902-03 

March 

361 

1903-04 

March 
Feb. 

558 
522 

1905-06 

Jan. 

930 

Jan. 

558 

March 

930 

March 

558 

1907-08 

Jan. 

210 

1908-09 

Jan. 

930 

1908-09 

Feb. 

700 

1910-11 

Jan. 
March 

930 
723 

Total 

11,657 

3,762 

Grand 

Total. 

M.  G. 

Gravel  Reservoir 

11,657 

Arroyo  Valle 

Reservoir 

3,762 

San  Antonio 

Reservoir 

3,260 

1898-99 


March 

263.5 

Feb. 

238.0 

Feb. 

238.0 

March 

263.5 

Feb. 

246.5 

March 

191.5 

Jan. 

263.5 

March 

263.5 

Jan. 

263.5 

Jan. 

263.5 

Feb. 

238.0 

Jan. 

263.5 

March 

263.5 

3,260.0 


18,679 
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10.10  M.  G.  D.  From  that  has  to  be  deducted 
the  direct  draft  used  to  equalize  other 
parts  of  the  system,  in  this  instance  the  Gravel 
Reservoir,  Arroyo  Valle  Reservoir  and  San  An- 
tonio Reservoir. 

The  foregoing  tabulated  statement  shows  the 
amounts  used  for  these  various  reservoirs,  with 
the  dates,  and  these  amounts  have  been  deducted 
from  the  yield  of  the  Sunol-Sinbad  Creek  area. 

For  the  whole  period  of  23  years  the  flow  used 
to  equalize  the  reservoirs  amounts  to  an  annual 
average  of  812.1  M.  G.,  giving  a  daily  average  of 
2.2  M.  G.  D.,  which,  deducted  from  the  total 
average  of  10.10  M.  G.  D.,  leaves  7.9  M.  G.  D. 
as  the  safe  daily  yield  from  the  Sunol-Sinbad 
Greek  area. 

Arroyo  Valle  Reservoir. 

Arroyo  Valle  Reservoir  has  been  shown  to  be 
capable  of  delivering  a  safe  daily  yield  of  18  M. 
G.  D. 

Gravel  Reservoir, 

The  Gravel  Reservoir  has  been  shown  to  be 
capable  of  supplying  30  M.  G.  D. 

Evaporation. 

Lowering  of  the  water  table  will  reduce  evapo- 
ration losses  from  the  wet  lands.  Correspond- 
ing increase  of  flow  is  estimated  as  12  M.  G.  D. 

Local  Consumption. 

To  provide  for  local  consumption  has  been  set 
aside  a  flow  of  2.  M.  G.  D. 

Safe  Daily  Yield  of  Alameda 

Creek  System  140  M.G.D. 

In  final  review  the  items  from  the  various 
sources  may  be  once  more  briefly  set  out  and 
summarized.  The  following  is  submitted  as  a 
conservative  statement  of  the  safe  daily  yield 
from  the  Alameda  Creek  System: 

M.  G.  D. 

Calaveras  Reservoir,  direct 57.00 

Calaveras  Jleservoir,  storage  of  surplus     9.93 

San  Antoiiio  Reservoir 8.50 

Sunol-Sinbad  Creek  area 7.90 

Arroyo  Valle  Reservoir 18.00 

Livermore  Gravel  Reservoir 30.00 

Evaporation  in  Livermore  Valley 12.00 

143.33 
Less  for  local  consumption -2.00 

141.33 
Say  140  million  gallons  per  day  as  the  safe 


yield  of  the  Alameda  Creek  System,  over  a 
period  of  years,  full  development  being  made  of 
all  reservoir  systems  and  the  feature  of  the  in- 
terchangeability  of  the  system  as  a  whole  being 
fully  taken  advantage  of. 

It  remains  to  point  out  that  at  the  end  of  the 
period  of  twenty-three  years  considered  there 
was  in  reserve  storage  the  following  amounts: 

M.  .G. 

Calaveras  Reservoir,  direct 26,866 

Calaveras  Reservoir,  surplus  stored. .  10,981 

San  Antonio  Reservoir 1,843 

Arroyo  Valle  Reservoir 9,064 

48,754 

which,  on  the  basis  of  128  M.  G.  D.  draft,  leav- 
ing out  of  consideration  the  12  M.  G.  D.  secured 
from  evaporation,  would  be  sufficient  to  care  for 
the  whole  supply  for  more  than  one  year,  with- 
out increment  from  any  source,  and  that  does 
not  include  any  amount  obtained  from  the 
Gravel  Reservoir,  the  water  table  of  which,  at 
the  end  of  the  period,  was  2.9  feet  below  the 
zero  line. 

PENINSULA  SYSTEM. 

The  Peninsula  System  comprises  three  reser- 
voirs. Crystal  Springs,  San  Andreas,  and  Pilar- 
citos  with  appurtenant  works. 

In  order  to  determine  the  safe,  dependable 
daily  yield  from  the  system,  consideration  has 
been  taken  of  the  storage  accumulated  in  them 
throughout  their  history,  the  draft  made  upon 
them,  and  the  waste,  or  surplus,  that  may  have 
passed  over  their  spillways. 

As  commented  on  in  detail,  the  three  reser- 
voirs are  considered  as  operated  in  one  system ; 
draft  and  storage  being  increased  or  decreased 
for  each  of  them  as  conditions  and  good  man- 
agement dictate,  with  the  purpose  of  securing 
full  conservation  of  the  run-off  from  the  tribu- 
tary watershed.  The  system  lends  itself  par- 
ticularly to  interchangeable  operation  of  the 
supply,  and,  unless  recognition  is  taken  of  that 
valuable  feature,  full  advantage  of  the  available 
stream  flow  will  not  be  secured,  and  the  reason- 
able capacity  of  the  system,  as  a  whole,  will  not 
be  realized. 

In  the  following  analysis,  each  reservoir  has 
been  considered  separately,  and  due  notations 
have  been  made  of  occasional  temporary 
changes  of  continuous  draft,  due  to  increased 
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or  decreased  demands  on  the  parts  of  the  sys- 
tem. 

Crystal  Springs  Reservoir  Will 
Safely  Yield  9.8  M.  G.  D. 

The  water  withdrawn  from  Crystal  Springs 
and  conveyed  directly  to  the  City,  has  been  de- 
livered into  University  Mound  Eegulating  Res- 
ervoir, in  conjunction  with  the  supply  from  the 
Alameda  Creek.  The  total  inflow  at  Universitj^ 
Mound  is  measured  by  a  weir,  and  the  records 
of  inflow  have  been  thoroughly  checked.  By 
deducting  the  quantity  of  water  from  Alameda 
Creek  as  shown  by  the  record  of  the  Belmont 
pumps,  established  in  connection  with  the  flow 
of  the  Alameda  Creek,  the  inflow  from  Crystal 
Springs  is  determined. 

Occasionally,  additional  draft  has  been  made 
upon  Crystal  Springs  bj^  the  Millbrae  pumps, 
and  by  the  Crystal  Springs  pumps. 

All  the  records  of  draft  made  by  any  of  these 
means  since  1889  have  been  examined,  as  well 
as  the  records  of  the  storage  in  the  reservoir. 
The  following  tabulation,  showing  the  total 
available  water  supply  from  Crystal  Springs 
Reservoir,  contains  complete  and  accurate  rec- 
ord of  the  flow. 


The  table  commences  with  the  year  1890. 
Records  for  a  previous  period  exist,  but  those 
of  1889  were  destroyed  in  the  fire  of  1906.  Ex- 
amination of  the  records  prior  to  1889  indicates, 
however,  that  the  continuous  draft  shown  by 
the  tabulation  could  have  been  maintained  in 
the  preceding  years. 

The  tabulation  commencing  1890  sets  out  the 
accumulated  storage  at  the  beginning  and  at 
the  end  of  each  year.  The  difference,  whether 
gain  or  loss,  is  added  to  the  draft  recorded  for 
that  year,  the  result  giving  the  total  net  inflow. 
The  records  of  depth  of  water  stored  record 
actual  conditions,  taking  into  account  the  loss 
from  evaporation  and  all  other  causes.  The 
total  net  inflow,  less  the  amount  of  continuous 
draft,  is  added  to  the  quantity  stored  at  the 
beginning  of  the  year.  The  result  shows  the 
quantity  in  storage  at  the  end  of  the  year.  The 
condition  of  the  reservoir  is  thus  shown 
throughout  the  period  of  the  21.5  years  consid- 
ered. 

The  tabulation  shows  that  a  continuous  draft 
of  9.8  million  gallons  per  day  can  be  main- 
tained. The  lowest  storage  at  the  end  of  any 
year,  is  in  1908,  immediately  preceding  the 
period  of  run-off  in  the  streams,  being  1056.1 
million  gallons. 


TABULATION  OP  PERFORMANCE— CRYSTAL  SPRINGS  RBSER;VOIR. 


1890  

1891 8,730  10,788 

1892 10,788  11,400 

1893 11,400  14,439 

1894 14,439  18,380 

1895 18,380  16,127 

1896 16,127  16,580 

1897 16,580  14,650 

1898 14,650  9,200 

1899 9,200  7,200 

1900 7,200  6,050 

1901  6,050  5,230 

1902 5,230  4,828 

1903 4,828  6,936 

1904   6,936  10,846 

1905 10,846  10,227 

1906  10,227  12,560 

1907  12,560  17,392 

1908 17,392  16,368 

1909     16,368  18,382 

1910 18,382  16,167 

1911    16,167  19,494 

To  July  1, 1912  . .  19,494  18,207 


SPRING   VALLEY   WATER    COMPANY  RECORDS. 

In  Stor-    In  Stor- 
age First  age  End 

of  Year,    of  Tear. 

M.  G.       M.  G. 
.     7,196       8,730 


Gain. 
M.  G. 
1,534 

2,058 

612 

3,039 

3,941 

—2,253 

-I-  453 
—1,930 
—5,450 
—2,000 
—1.150 

—  820 

—  402 
-f2,108 
-f3,910 

—  619 

+2,333 
+4,832 
—1,024 
+2,014 
—2,215 


M.  G. 
Draft. 
Totai 

1,660 

1,180.6 
1,612.8 
2,050.6 
2,401.3 
2,619 

2,429.6 
3,719.1 
3,778.2 
4,327.9 
2,446.8 

1,538.9 
1,478.3 
658.0 
1,133.8 
2,433.4 

1,093.2 

1,000.7 

1,848.3 

2,645 

2,722 


M.  G. 
Waste. 

6,737 


4,674 


1,770 


3,511 


1,600 


+  3,327         2,709 
—1,287         1,147 

Average  safe  yield — 9.8 


M.  G. 
Infiow. 
Totai 

+  9,931 

+3,238.6 
+2,224.8 
+5,089.6 
+  6,342.3 
+5,040.0 

+2,882.6 
+3,559.1 
—1,671.8 
+2,327.9 
+1,296.8 

+  718.9 
+1,076.3 
+2,766.0 
+5,043.8 
+1,814.4 

+3,426.2 
+  5,832.7 
+  824.3 
+8,170.0 
+    507 

+7,636 
—   140 
M.  G.  D. 


ESTIMATED  PERFORMANCE. 

Esti-  In  Stor- 

M.  G.  age  End 

Draft.  Remainder,      of  Year. 

mated  M.  G.              M.  G. 

3,577  +6,354.0           13,550.0 


3,577 

3,586.8 

3,577 

3,577 

3,577 

3,586.8 

3,577 

3,577 

3,577 

3,577 

3,577 

3,577 

3,577 

3,586.8 

3,577 

3,577 

3,577 

3,586.8 

3,577 

3,577 

3,577 
1,783.6 


+  6,354.0 

—  339.6 
—1,362.0 
+1,512.6 
+2,765.3 
+1,463.0 

—  704.2 

—  17.9 
—5,148.8 
—1,249.1 
—2,280.2 

—2,858.1 
—2,500.7 

—  811.0 
+1,457.0 
—1,762.6 

—  150.8 
+2,255.7 
—2,762.5 
+4,593 
—3,070 

+4,059 
—1,923.6 


13,210.4 
11,848.4 
13,361.0 
16,126.3 
17,589.3 

16,885.1 
16,867.2 
11,718.4 
10,469.3 
8,189.1 

5,331.0 
2,830.3 
2,019.3 
3,476.3 
1,713.7 

1,562.9 
3,818.6 
1,056.1 
5,649.1 
2,579.1 

6,638.1 
4,713.5 


Sy4N /iNDReS  ReSERVO/R 

Capac/iy  ano/  /^rea 


Contour 

/irea  /n 
/Icres 

Capac/fy 
in  A^G 

350 

0.00 

0.00 

360 

2.87 

468 

370 

13.74 

31.74- 

380 

35.78 

14-502 

390 

//9.e/ 

450.12 

400 

179  95 

91756 

410 

255.16 

1626.47 

420 

324.79 

2571.37 

450 

394.65 

3743.48 

44-0 

458-68 

5/33.75 

4S0 

549.00 

6773.75 

Cres^ofDam-E/e^'  449.5' 
^a>C.  fy/-of  l^a/sr  ..  446.25' 
Capac//y  -  6,^^&.5^4.  OOO Ocrk. 

y4cres 

100  /so  Boo  eSO  300  3S0  -^00 


OuHe^  E/ei^.  J76.5_ ' 
O  on  Oau^e         360-  O  ' 


soo 


Thousand   M////on   Qaf/ons 


Ca/cc//a//ons  from  Map    F-20 


Crys-^a/  Spnn.i^s  Da^um. 


From  Recora(5ofSKyyCo. 

Dratvn  t>y  _AKj_/irru/m^fec. 

Compared  &  Chech^d  by. 


3pr//\/g  Uallev  yV/iTER  Co. 
San    Frar7c/sco. 
^  Ju/y-/3/£ 

s'yCPyco' 
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The    San   Andreas   Reservoir   occupies    a   commanding  position  ten  miles  from  San  Francisco. 
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SAFE  YIELD  OF  SAN  ANDREAS  RESERVOIR. 
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Safe  Continuous  Yield 

of  San  Andreas  Reservoir 
is  S.S  M.  G.  D. 

The  records  for  this  reservoir  'go  back  as  far 
as  1871,  excepting  for  the  year  1889,  in  which 


the  record  is  lost.  For  that  year  the  draft  re- 
ported in  the  Municipal  Eeport  for  1901-02,  p. 
793,  has  been  accepted. 

The  records  have  been  subjected  to  detailed 
examination  and  the  tabulation  represents  the 


TABULATION  OP  PERFORMANCE— SAN  ANDREAS  RESERVOIR. 

SPRING   VALLEY   WATER    COMPANY  RECORDS.  ESTIMATED  PERFORMANCE. 

In  Stor-    In  Stor-  Esti-  In  Stor- 

ap-e  First  age  End                           Total             Total  n^ated  as-e  End 

of  Year,    of  Year.         Gain.         Draft.           Inflow.  Draft.  Remaindei.  of  Year.          Remarks. 

M.  G.       M.  G.           M.  G.          M.  G.             M.  G.  M.  G.  M.  G.  M.  G.                 M.  G. 

1871 1,120       1,484       -I-    364       1,109        +1,473  2,007.5  —    534.5  585.5 

1872 1,484       3,351       +1,867       1,541        +3,408  2,013.0  +1,395.0  1,980.5 

1873 3,351       2,841       —    510       1,798        +1,288  2,007.5  —    719.5  1,261.0 

1874 2,841       3,165       +    324        1,877        +2,201  2,007.5  +    193.5  1,454.5 

1875 3,165       2,279       —    886        2,314        +1,428  2,007.5  —    579.5  875.0 

1876 2,279       3,160       +    881       2,825        +3,706  2,013.0  +1,693.0  2,568.0 

1877 3,160          521      —2,639       2,608       —     31  2,007.5  —2,038.5  529.5 

1878 521       2,851       +2,330        2,173        +4,503  2,007.5  +2,495.5  3,025.0 

1879 2,851       2,880       +      29        2,779        +2,808  2,007.5  +    800.5  3,825.5 

1880 2,880       4,371       +1,491        2,829        +4,320  2,013  +2,307  6,132.5 

1881 4,371      4,073      —   298       3,074        +2,776  2,007.5  +    768.5  6,901.0     Surplus 

6,230.0  (b)     +671toC.  S, 

1882 4,073       1,887      —2,186       3,318        +1,132  2,007.5  —    875.5  5,354.5 

1883 1,887          562       —1,325        1,861        +    536  2,007.5  —1,471.5  3,883.0 

1884          562       1,481       +    919        2,068        +2,987  2,013.0  +    974  4,857.0 

1885 1,481       1,109       —    372        2,137        +1,765  2,007.5  —    242.5  4,614.5 

1886  1,109       2,737       +1,628          738        +2,366  2,007.5  +    358.5  4,973.0 

1887  2  737       1 810      —    927       2,026        +1,099  2,007.5  —    908.5  4,064.5 

1888 ...'.'.    1^810         '738       —1,072        2,388        +1,316  2,013.0  —    697.0  3,367.5 

1889                                738       3,867       +3,129        1,019  (a) +4,148  2,007.5  +2,140.5  5,508.0 

1890 :.!!..; 3,867       5,236       +1,369          801        +2,170  2,007.5  +    162.5  5,670.5 

1891                             5,236       4,530       -    706        1.163        +    457  2,007.5  -1,550.5  4,120.0 

IRQo 4  530       4  558       -h      28        1.198        +1,226  2,013.0  —    787.0  3,333.0 

ton^ 4'558       4  348       —    210        1.724        +1,514  2,007.5  —    493.5  2,839.5 

1894 4*348       5,220       +    872        1.598        +2,470  2,007.5  +    462.5  3,3u2.u 

1895:  :'.■.; ;;;;'.'.'.    5:220       3,656      — 1,564       1.999        +    435  2,007.5  —1,572.5  1,729.5 

1QQC                             qfit^fi       2  658       —    998        2,423        +1,425  2,013.0  —    588.0  1,141.5 

Ifg? 2'658       nil       -111        2,624        +1,751  2,007.5  -256.5  885.0 

{oQs i'785          752      —1,033       2,049        +1,016  2,007.5  —    991.5  —106.5 

Irqq 752       2  012       +1,260           407        +1,667  2,007.5  —    340.5  —340.5 

1900 ::.':: :::::::  2,012  1,702  —  310   2,207    +1,897  2,007.5  —  110.5  —110.5 

iqni                            1702          400      —1,302       3,053        +1,751  2,007.5  —   256.5  —256.5 

Iqno 400         521       +    121       2,146        +2,267  2,007.5  +    259.5  +259.5 

;qn3 521       1,038       +    517        2,380        +2,897  2,007.5  +    889.5  1,149.0 

1904 1,038       2,518       +1,480        2,656        +4,136  2,013.0  +2,123.0  3,272.0 

1905:::::::::.'.'.  2:518  1:875  —  643   2,302    +1,659  2,007.5  —  348.5  2,923.5 

iqofi                           1875       2,642       +    767       2,946        +3,713  2,007.5  +1,705.5  4,629.0     Surplus 

1907 2:642       4,406       +1,764        3,130        +4,894  2,007.5  +2,886.5  7,515.5          1,285.5  to  C.  S. 

1908 4  406       2,946       —1,460        3,756        +2,296  2,013.0  +    283.0  6,230(b)     +283.0       " 

^^^ 6,230 

1909                           2,946       4,528       +1,582       3,756        +5,338  2,007.5  +3,330.5  6,230        +3,330.5       " 

1910 4,528       3,830      —    698       3,204        +2,506  2,007.5  +    498.5  6,230        +    498.5       " 

i9ii::::::::....  3,830  4,249   +  419   4,162    +4,531  2,007.5  +2,573.5  6,230    +2,573.5  " 

Surplus 8642 

Less 814 

7828  M.  G. 

Av.  =  190.9  M.G.Ann. 
0.52  M.  G.  D. 

(a)  Records  taken  from  Municipal  Report  1901-02. 

(b)  Reservoir  capacity  6230  million  gallons — all  above  that  figure  is  surplus. 
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PILARCITOS  RESERVOIR  LIES  IN  A  REGION  HEAVILY  TIMBERED  AND  OF  HIGH  RAINFALL. 
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PERFORMANCE  OF  PILARCITOS  RESERVOIR. 
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conditions  under  operation  in  the  same  manner 
as  described  for  Crystal  Springs  Reservoir. 

Maximum  capacity  of  San  Andreas  Reservoir 
is  6,230  million  gallons.  Full  reservoir  would 
be  reached  in  1881,  and  the  surplus  of  671 
million  gallons  vv^ould  either  be  stored  directly 
in  Crystal  Springs  Reservoir,  or  the  draft  from 
San  Andreas  increased  and  from  Crystal  Springs 


decreased  to  utilize  this  volume,  which  would 
otherwise  be  wasted. 

In  the  four  years  from  1898  to  1901,  both 
inclusive,  there  would  be  deficiency  in  San  An- 
dreas Reservoir  to  supply  the  continuous  draft 
established,  in  amounts  as  shown  on  the  table, 
totalling  814  M.  G.,  or  143  M.  G.  more  than  had 
previously  been  turned  over  to  Crystal  Springs 


TABULATION  OF  PERFORMANCE— PILARCITOS  RESERVOIR. 

SPRING   VALLEY   WATER    COMPANY  RECORDS.  ESTIMATED  PERFORMANCE. 

In  Stor-  In  Stor-  Esti-  -In  Stor- 
age First  age  End  Total  Total  mated  Re-  age  End 
of  Year,  of  Year.      >  Gain.  Draft.          Inflow  Draft.  mainder      of  Year  Remarks. 
M.  G.  M.  G.  M.  G.  M.  G.           M.  G.  M.  G.  M.  G.          M.  G.  M.  G. 

1867 414  522  -|-108  979a      -|-1,087  1,095  —     8  406 

1868 522  471  —51  1,064        -|-1,013  1,098  —85  321 

1869 471  511  -1-40  1,177        -|-1,217  1,095  -|-122  443 

1870 511  301  —210  1,375        -|-1,165  1,095  -|-  70  513 

1871 301  826  -1-525  578        -|-1,103  1,095  -|-     8  521 

1872 826  788  —38  949        +    911  1,098  —187  334 

1873 788  744  —44  892        +    848  1,095  —247  87 

1874 744  595  —149  1,229        -|-1,080  1,095  —15  72 

1875 595  649  -|-  54  1,219        -|-1,273  1,095  -fl78  250 

1876 649  395  —254  1,130        -f-    876  1,098  —222  -|-      28 

1877 395  180  —215  701        -|-    486  1,095  —609  —    581 

1878 180  663  -|-483  1,156        -t-1,639  1,095  -|-544  +    544 

1879 663  781  -|-118  1,018        -|-1,136  1,095  -|-  41  +    585 

1880 781  818  +37  1,105        -|-1,142  1,098  -]-  44  +    629 

1881 818  517  -301  1,239        +    938  1,095  —157  -|-    472 

1882 517  246  —271  1,448        -|-1,177  1,095  +82  +    554 

1883 246  193  —53  1,501        +1,448  1,095  +353  +    907 

1884 193  874  +681  1,371        +2,052  1,098  +954  +1,861     Surplus 

1,083b        +778  M.  G.  to  C.  S. 

1885 874  654  —220  1,544        +1,324  1,095  +229  1,083         +229  M.  G.  to  C.  S. 

1886 654  368  —286  1,393        +1,107  1,095  +12  1,083         +  12  M.  G.  to  C.  S. 

1»87 368  Id/  —206  1,435        +1,229  1,095  +134  1,083         +134  M.  G.  to  C.  S. 

1888 162  711  +549  1,046        +1,595  1,098  +497  1,083         +497  M.  G.  to  C.  S. 

1889 711  867  +156  968  (a) +1,124  1,095  +29  1,083        +  29  M.  G.  to  C.  S. 

1890 867  377  —490  1,463        +    973  1,095  —122  961 

1891 377  456  +79  1,267        +1,346  1,095  +251  1,212        +129  M.  G.  to  C.  S. 

1,083 

1892 456  713  +257  216        +    473  1,098  —625  458 

1893 713  626  —87  1,201        +1,114  1,095  +19  477 

1894 626  737  +111  893        +1,004  1,095  —91  386 

1895 737  258  —479  1,273        +    794  1,095  —301  +      85 

1896 258  641  +383  1,270        +1.653  1,098  +555  +    640 

1897 641  401  —240  1,418        +1,178  1,095  +83  +    723 

1898 401  437  +36  236(a)+    272  1,095  —823  —   100 

1899 437  710  +273  118(a)-)-    391  1,095  —704  —   704 

1900 710  371  —339  1,451  (a) +1,112  1,095  +17  +17 

1901 371  276  —95  1,219  (a) +1,124  1,095  +29  46 

1902 276  498  +222  941(a)+l,163  1,095  +68  114 

1903         498  t]28  +130  1,490        +1,620  1,095  ,-525  639 

1904   628  344  —284  1,716        +1,432  1,098  +334  973 

1905 344  261  —83  1,653        +1,570  1,095  +475  1,448     Surplus. 

l,083(b)+365M.  G.  toC.  S. 

1906 261  193  —68  1,640        +1,572  1,095  +477  l,0c33            477  M.  G.  to  C.  S 

1907 193  206  +13  1,596        +1,609  1,095  +514  1,083            514  M.  G.  to  C.  S 

1908 206  225  +19  1,150        +1,169  1,098  +71  1,083              71 M.  G.  to  C.  S. 

1909 225  417  +192  1,529        +1,721  1,095  +626  1,083            626  M.  G.  to  C.  S. 

1910 417  224  —193  1,359        +1,166  1,095  +71  1,083              71 M.  G.  to  C.  S. 

1911 224  223  —    1  1,537        +1,536  1,095  +441  1,083            441M.  G.  to  C.  S. 

Safe  yield— 3.0     M.  G.  D. 

(a)  Records  taken  from  Municipal  Report  1901-02. 

(b)  Reservoir  capacity,  1083  million  gallons — all  above  that  figure  is  surplus. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


from  San  Andreas.  That  net  deficiency  of  143 
M.  G.  would  be  withdrawn  from  Crystal 
Springs,  which,  at  the  end  of  the  period  had  ac- 
cumulated, practically  a  year's  supply  of  the 
draft  from  both  reservoirs  combined. 

Subsequently,  during  1907,  a  large  surplus 
would  be  conveyed  from  San  Andreas  to  Crystal 
Springs,  and  added  to  annually  for  the  follow- 
ing four  years. 

The  tabulation  shows  that  from  San  Andreas 
Reservoir,  a  continuous  safe  daily  yield  of  5.5 
million  gallons  can  be  developed,  with  an  ac- 
cumulation of  a  surplus,  after  balancing  all  de- 
ficient periods,  equal  to  .52  million  gallons  per 
day  throughout  a  period  of  41  years. 

Pilarcitos  Reservoir  Will  Safely 
Yield  3  M.G.D. 

The  records  for  this  reservoir  go  back  as  far 
as  1867 — really  as  far  as  1866 — in  which  they 
are  not  quite  clear  and,  in  1867,  are  on  file  for 
eight  months.  In  that  latter  year  the  draft  re- 
ported in  the  Municipal  Report  for  1901-02  has 
been  accepted,  as  also  in  the  year  1889,  for  the 
saime  reason  as  given  in  the  case  of  the  San  An- 
dreas Reservoir,  and  also  in  the  years  1898  to 
1902,  inclusive,  the  records  of  which  show  some 
confusion  in  the  amounts  drawn  directly  and 
solely  from  the  Pilarcitos  Reservoir.  Some  of 
the  same  uncertainty  exists  in  the  record  for 
1883,  in  which  the  draft  as  ascertained  from 
the  record  has  been  entered  in  the  tabulation. 

As  with  the  other  reservoirs,  the  tabulation 
represents  the  conditions  in  the  same  manner  as 
described  for  Crystal  Springs  Reservoir. 

The  maximum  capacity  of  Pilarcitos  Reser- 
voir is  1083  million  gallons.  Full  reservoir  is 
reached  in  1884,  and,  as  before,  in  the  San  An- 
dreas Reservoir,  the  surplus  of  778  million  gal- 
lons in  that  year,  and  the  amounts  of  surplus  in 
the  following  years  would  either  be  stored  di- 
rectly in  Crystal  Springs  Reservoir,  as  it  is  fig- 
ured in  the  tabulation,  or  the  draft  from  Crystal 
Springs  and  San  Andreas  reservoirs  decreased, 
and  from  Pilarcitos  increased  to  utilize  the  ex- 
cess volume  which  would  otherwise  be  wasted. 

Prior  to  that  year  1884,  when  the  reservoir 
would  be  filled  to  its  maximum  storage,  a  de- 
ficiency of  581  million  gallons,  on  the  steady 
draft  of  3  M.  G.  D.,  would  occur  in  1877.  An 
equivalent  amount  would  have  been  drawn  off 


from  either  Crystal  Springs  or  San  Andreas  Res- 
ervoir. 

Another  deficiency  occurred  in  the  seasons  of 
1898  and  1899,  in  the  amounts  of  100  and  704 
million  gallons,  and  the  total  of  that  deficiency 
would  have  been  drawn  from  Crystal  Springs 
Reservoir  out  of  the  volumes  previously  turned 
over  to  it  in  the  years  from  1884  to  1891,  in- 
clusive. 

The  total  of  the  surplus  amounts  are  1808 
M.  G.  from  1884  to  1891,  inclusive,  and  2565 
M.  G.  from  1905  to  1911,  inclusive,  altogether 
4373  M.  G.  while  the  deficiencies  are  581  M.  G. 
in  1877,  100  M.  G.  in  1898  and  704  M.  G.  in  1899 
— altogether  1385  M.  G. — leaving  a  total  sur- 
plus of  2988  M.  G.  for  the  period  of  45  years, 
an  annual  surplus  of  66.40  M.  G.,  or  an  addi- 
tional amount  of  181,900  gallons  per  day. 

Present  Sate  Yield  of 

Peninsula  System  19  M.  G.  D. 

At  the  end  of  the  period,  the  San  Andreas  and 
Pilarcitos  Reservoirs  would  be  filled  to  their 
maximum  capacities  and  Crystal  Springs  Res- 
ervoir to  one-third.  The  combined  storage,  at 
the  end  of  1911,  in  a  total  of  13,951  million  gal- 
lons, would  provide  for  the  combined  continu- 
ous draft  from  all  the  reservoirs  for  more  than 
two  years,  without  any  addition  from  any  source. 

Summarizing  there  is — 

Crystal  Springs  Reservoir. .  9.8    M.  G.  D.  safe  yield 

San  Andreas  Reservoir 5.50        "  " 

"  "  52        "       from  surplus 

Pilarcitos  "  3.00 

18        "      from  surplus 

Total    19.00  M.  G.  D. 

From  the  above  amount  is  to  be  deducted  the 
quantity  required  to  supply  the  town  of  San 
Mateo  and  other  small  communities.  That 
quantity  is  stated  as  approximating  600,000  gal- 
lons per  day.  There,  therefore,  remains  a  net 
supply  of  18.40  M.  G.  D.  from  the  Peninsula 
System  available  for  the  City  of  San  Francisco. 

It  is  proper  to  add,  in  addition  to  the  quanti- 
ties of  flow  considered  in  the  preparation  of  tiie 
foregoing  tables,  there  are  records  of  waste  from 
Pilarcitos,  into  the  ocean,  in  the  earfly  90 's  and, 
later,  in  the  past  three  years,  which  have  not 
been  incorporated.  The  total  amount,  spread 
over  the  whole  period  of  40  to  45  years,  would 
not  materially  affect  the  results  above. 


PESCADERO  AND  SAN  GRBGORIO  NOT  INVESTIGATED. 
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LAKE  MERCED  SYSTEM. 

The  records  of  pumping  from  Lake  Merced 
have  been  carefully  examined,  with  the  result 
of  finding  the  Spring  Valley  Water  Company's 
records  heretofore  given  substantially  correct, 
wherever  the  records  are  in  such  form  as  to 
provide  a  comparison.  In  some  years,  notably 
from  1898  to  1905,  the  water  pumped  from  Lake 
Merced  was  mingled  with  that  from  other 
sources  and  it  is  not  now  possible  to  separate 
the  volumes. 

The  table,  comparative,  is  given  below. 

LAKE    MERCED    YEARLY    DRAFT    IN    MILLION 
GALLONS. 

Tear.  G.  G.  Anderson,  S.  V.  W.  Co., 

Corrected.  Records. 

1877 281  295 

1878 No  records.  No  records. 

1879 No  records.  No  records. 

1880 No  records.  No  records. 

1881 No  records.  No  records. 

1882 No  records.  No  records. 

1883 1,483  1,484 

1884 1,354  1,352 

1885 1,051  1,048 

1886 775  790 

1887 1,588  1,588 

1888 1,262  1,267 

1889 No  records.  712 

1890 1,254  1,252 

1891 233  233 

1892 1,245  1,250 

1893 655  656 

1894 969  970 

1895 75  75 

1896 No  dralt.  No  draft. 

1897 No  araft.  No  draft. 

1898 Records  incomplete.  1,127 

1899 Records  incomplete.  1,330 

1900 Records  incomplete.     565 

1901 Records  incomplete.      116 

1902 Records  incomplete.  1,774 

1903 Records  incomplete.  1,696 

1904 Records  incomplete.  1,333 

1905 Records  incomplete.  1,096 

1906 1,257  1,257 

1907 1,228  1,228 

1908 908  908 

1909 1,143  1,143 

1910 1,718  1,718 

1911 1,120  1,120 

1912 7zl  721 

Present  Yield  of  Lake  Merced 
2.93  M.G.D. 

Taking  all  the  years  in  which  the  records  are 
available,  and  in  which  the  various  volumes  are 
separated,  there  is  a  total  pumpage  of  20,320 
M.  Gr.  in  19  years,  an  average  annual  pumping 
of  1069  M.  G.,  or  an  average  of  2.93  M.  G.  per 
day. 


Accepting  the  original  statements  of  the 
Spring  Valley  Water  Company's  records,  in 
those  years,  for  which  there  is  no  separate  state- 
ment, there  is  a  total  of  30,069  M.  G.  pumped 
in  28  years,  an  average  annual  volume  of  1073.9 
M.  G.,  or  2.94  M.  G.  per  day. 

Other  Systems  Not  Investigated. 

In  addition  to  the  water  systems  mentioned  in 
preceding  chapters,  the  Company  owns  extens- 
ive lands  and  water  rights  from  which  water  sup- 
ply of  use  for  San  Francisco  can  be  developed. 

At  this  time  I  have  not  investigated  the 
amount  of  water  that  can  be  developed  and  the 
conclusions  here  shown  of  water  resources  con- 
cern only  the  Alameda,  Peninsula  and  Lake 
Merced  Systems. 

PESCADERO   AND   SAN   GREGORIO 
CREEKS. 

A  further  productive  source  of  water  supply 
exists  in  the  streams,  principally  from  the  Pesca- 
dero  and  San  Gregorio  Creeks.  Part  of  the 
run-off  from  these  can  be  diverted  directly  to 
the  Crystal  Springs  Reservoir  by  gravity  con- 
duit, and  balance  stored  in  Pescadero  Reservoir, 
and  thence  pumped  to  the  conduit  leading  to  the 
Crystal  Springs  Reservoir.  Such  combination 
permits  of  the  utmost  conservation  of  the  avail- 
able water  supply.  Rainfall  records  maintained 
for  seventeen  years  show  a  relatively  high  pre- 
cipitation, and  stream  gagings  for  seven  years, 
on  a  portion  of  Pescadero  Creek  within  the 
period  of  generally  low  rainfall  and  run-off, 
show  greater  yield  per  square  mile  than  the 
Pilarcitos  and  San  Andreas  drainage  areas.  In- 
vestigations of  and  conclusions  from  these  rec- 
ords have  not  been  fully  completed  by  me,  but 
preliminary  consideration  and  study  indicates 
that  a  very  large  addition  to  the  dependable 
water  supply  of  the  City  can  be  secured  from 
these  nearby  sources.  To  them,  in  my  opinion, 
much  importance  attaches,  and  their  value 
ought  not  to  be  overlooked,  as  may  readily  be  the 
case  by  superficial  examination.  (The  Water 
Company  maintained  a  gaging  station  and  meas- 
ured the  stream  flow  from  1886  to  1906.  Unfor- 
tunately the  records,  with  the  exception  of  those 
referred  to  above,  were  destroyed  in  the  fire 
of  1906.)     Respectfully  submitted, 

GEORGE   G.   ANDERSON. 
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REPORT   ON   THE  DEVELOPMENT  OF   GROUND    WATERS 
OF  THE  LIVERMORE  VALLEY 


BY 

Wm.  Mulholland, 
Chief  Engineer  of  the  Los  Angeles  Aqueduct. 

AND 
J.   B.   LiPPINCOTT, 

Assistant  Chief  Engineer  of  the  Los  Angeles  Aqueduct. 


San  Francisco,  Cal.,  February  2,  1912. 

S.  P.  Eastman,  Esq.,  Vice-President  and  Man- 
ager Spring  Valley  Water  Co. 

Dear  Sir: 

In  1907  a  report  was  written  by  Mr.  Fred 
H.  Tibbetts,  Civil  and  Hydraulic  Engineer,  on 
the  artesian  basin  of  the  Livermore  Valley. 
This  report  was  prepared  for  the  plaintiffs  in  a 
certain  suit  against  the  Spring  Valley  Water 
Company,  which  suit  was  dismissed  because  of 
the  purchase  by  the  Spring  Valley  Water  Com- 
pany of  the  plaintiff's  lands,  including  all 
physical  data  collected  by  them.  The  investi- 
gations by  Mr.  Tibbetts  extend  from  Septem- 
ber, 1905,  to  April  1st,  1908.  He  made  a  very 
exhaustive  collection  of  data  concerning  the  un- 
derground water  of  the  Livermore  Valley,  in- 
cluding the  region  near  Pleasanton,  and  his  re- 
port is  worthy  of  careful  studj 

Seepage  Into  Gravels. 

Particular  attention  is  called  to  his  Plate 
No.  6,  which  shows  the  fluctuation  in  the 
water  plane  of  the  valley  between  the  wet 
and  dry  seasons  of  the  year.  He  states 
on  page  54:  "The  first  (stream)  measure- 
ments on  Jan.  14,  1906,  were  about  18  hours 
after  the  first  fiood  of  the  season  had  com- 
menced. The  measurements  at  the  Cresta 
Blanca  Bridge  showed  a  discharge  of  about  1136 
cu.  ft.  per  second.     At  the  Pleasanton  Bridge 


a  discharge  of  about  600  cu.  ft.  per  second. 
The  seepage  loss  indicated  was  536  cu.  ft.  per 
second,  or  over  47%."  Corresponding  to  this 
loss.  Well  No.  13,  which  is  located  just  north  of 
Pleasanton,  showed  an  immediate  rise  of  be- 
tween 4  and  5  feet.  The  total  rise  in  this  well 
up  to  April  14th  was  10  feet.  This  shows  a 
large  discharge  into  the  gravel  bed,  and  a  very 
prompt  response  on  the  part  of  a  well  in  the 
central  portion  of  the  valley  under  the  so-called 
"clay-cap".  Many  other  wells  could  be  referred 
to  during  the  period  of  Mr.  Tibbetts '  observation 
showing  similar  results. 

Velocity  of  Underflow. 

Another  portion  of  Mr.  Tibbetts'  report  of 
particular  interest  is  his  determination  of  the 
velocity  of  underflow  in  the  sands  and  gravels 
of  the  valley  floor.  He  made  these  determina- 
tions at  four  different  localities  distributed  over 
the  valley,  and  found  velocities  ranging  from 
10.9  feet  per  day  to  57.1  feet  per  day.  His 
method  of  determining  velocity  is  known  as  the 
"Schlichter"  method.  This  method  is  recog- 
nized as  scientific,  and  a  complete  description 
of  it  may  be  found  in  Water  Supply  and  Irri- 
gation Papers  Nos.  67,  140  and  112,  issued  by 
the  U.  S.  Geological  Survey.  These  velocities 
are  unusually  high.  This  method  when  applied 
to  the  Narrows  of  the  Los  Angeles,  San  Gabriel 
and  Mojave  Rivers  in  Southern  California, 
showed  underflow  in  these  granitic  materials 
ranging  from  10  to  20  feet  per  day. 
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Productivity  of  Alameda  System. 

Mr.  Hermann  Sehussler,  Consulting  Engineer 
for  the  Spring  Valley  Water  Company,  has  di- 
rected the  measurements  of  the  flow  of  Ala- 
meda Creek  at  the  Sunol  Dam,  beginning  with 
the  season  of  1889-90  to  1907-08,  inclusive.  He 
found  a  mean  flow  of  132.8  M.  G.  D.,  which  he 
distributes  as  48  M.  G.  D.  coming  from  the 
Pleasanton  region,  and  84.8  M.  G.  D.  as  coming 
from  the  Alameda  Creek  region.  This  table,  in 
detail,  is  in  the  files  of  the  Spring  Valley  Water 
Company.  In  Mr.  Sehussler 's  report  of  Novem- 
ber 14,  1911,  on  page  27,  he  gives  the  average 
annual  run-off  for  the  Pleasanton  region  for 
a  period  of  19  years  as  17,579  M.  G.  per  year,  oi 
practically  48  M.  G.  per  day.  This  amount  he 
considers  as  available  for  storage  in  the  gravel 
beds  of  the  Livermore  Valley,  provided  the  pro- 
posed Arroyo  Valle  Reservoir  is  utilized  in  the 
manner  he  outlines. 

Dr.  J.  C.  Branner,  in  his  report  dated  De- 
cember 1,  1911,  has  presented  a  very  complete 
and  interesting  geological  study  of  the  Liver- 
more  Valley  and  its  tributary  drainage  basins, 
including  the  "recent"  formation  in  the  valley 
fill.  The  logs  of  wells  collected  by  Dr.  Branner, 
Mr.  Tibbetts  and  the  Spring  Valley  Water  Com- 
pany have  all  been  studied,  and  the  wells  have 
been  located  on  suitable  maps,  so  as  to  .give  the 
most  comprehensive  idea  of  this  valley  fill.  In 
addition  to  the  above,  Mr.  F.  C.  Herrmann 
Chief  Engineer  of  the  Spring  Valley  Water 
Company,  has  taken  great  pains  to  supply  all 
information  possible  that  has  been  requested, 
and  has  spent  ten  days'  time  in  the  field  in 
locating  the  points  of  interest,  and  furnishing 
other  important  data.  Mr.  F.  W.  Roeding,  Su- 
perintendent of  the  Agricultural  Department, 
has  also  spent  two  days  in  the  field  with  us  in 
going  over  physical  conditions.  The  field  in- 
vestigations which  we  have  made  have  covered 
nearly  two  weeks'  time,  and  have  extended  in 
detail  over  the  valley  into  the  drainage  basin 
of  Calaveras  Creek  and  into  the  upper  portions 
of  the  water  supply  as  far  as  Mt.  Hamilton.  In 
short,  we  have  utilized  all  available  data  and. 
have  made  an  exhaustive  personal  examination 
of  the  situation. 

Rainfall  and  Run-oif. 

Table  No.  1  shows  the  estimated  rainfall  in 
various  portions  of  the  drainage  basin,  the  areas 


in  square  miles  of  these  various  sections,  and 
the  run-off  in  million  gallons  per  day  which  is 
estimated  for  each  section. 

Mr.  C.  E.  Grunsky,  in  a  paper  contributed 
to  the  American  Society  of  Civil  Engineers 
(Vol.  61,  No.  1090,  Plate  59),  estimates  the  rain- 
fall of  the  southerly  portion  of  the  drainage 
basin  tributary  to  the  Livermore  Valley  as 
about  24  inches.  Haehl  and  Toll,  in  the  same 
volume,  Plate  60,  estimate  the  rainfall  for  this 
district  at  about  19  inches.  Mr.  Hermann 
Sehussler  considers  this  rainfall  in  detail  for 
a  period  of  four  years,  extending  from  1904-5 
to  1907-8,  for  this  southerly  portion  of  the 
basin,  this  data  being  given  in  his  report  of 
August,  1911.  We  have  made  allowance  for  this 
period  being  above  the  normal  in  precipitation, 
which  would  indicate  a  rainfall  of  about  20 
inches. 

There  is  an  old  rainfall  record  at  Mt.  Ham- 
ilton, beginning  in  1881  and  averaging  31.5 
inches.  This  is  on  the  headwaters  of  Cala- 
veras Creek,  but  near  the  head  of  the  Del  Valle, 
the  elevation  being  4209  feet.  The  rainfall  rec- 
ord at  Livermore  was  started  in  1871,  and  shows 
a  mean  to  date  of  15.46  inches.  The  elevation 
of  Livermore  is  485  feet,  and  it  is  situated  in 
the  middle  of  the  valley  under  consideration. 
The  mean  rainfall  between  Mt.  Hamilton  and 
Livermore  is  23.65  inches,  which  has  been  ac- 
cepted by  a  number  of  engineers  as  applicable 
to  the  portion  of  the  basin  south  of  the  Liver- 
more Valley.  After  considering  all  this  data, 
and  making  a  personal  examination  of  the  vege- 
tation in  the  various  drainage  basins,  the  pre- 
cipitation as  shown  in  Table  1,  for  the  various 
parts  of  the  entire  drainage  basin  was  arrived  at. 

The  U.  S.  Geological  Survey  since  1895  has 
been  measuring  the  flow  from  a  large  number 
of  drainage  basins  in  California  and  collecting 
all  available  rainfall  records  in  these  drainage 
basins.  They  have  also  assembled  all  other 
available  information  concerning  rainfall  and 
run-off  which  has  been  collected  by  other  en- 
gineers in  this  State.  This  has  extended  the 
work  previously  done  by  the  California  State 
Engineering  Bureau  along  similar  lines.  In 
Water  Supply  Paper  No.  81  of  the  Geological 
Survey,  entitled  "California  Hydrography",  on 
page  17  is  given  a  general  curve  for  large  water- 
sheds, which  is  intended  to  represent  general  or 
average  conditions  in  California.     It  is  recog- 
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nized  that  there  is  a  wide  variation  in  the 
ratio  of  run-off  to  rainfall,  due  to  the  character 
of  the  storm  and  of  the  drainage  basin.  No 
fixed  relation  exists,  but  this  general  curve  is  be- 
lieved to  as  closely  represent  average  conditions 
as  can  be  stated.  It  is  the  result  of  the  investi- 
gations of  the  Geological  Survey  extending  over 
a  decade.  This  curve  has  been  used  in  comput- 
ing the  run-off  for  the  various  portions  of  this 
drainage  basin,  as  given  in  Table  No.  1. 

Table  No.  1  divides  the  run-off  from  the  Liv- 
ermore  basin  into  two  portions,  40.3  M.  G.  D. 
being  discharged  onto  or  over  the  18  square  miles 
of  valley  floor  where  sand  and  gravel  appear 
at  the  surface,  and  where  the  water  would  be 
readily  absorbed.  11.2  M.  G.  D.  are  discharged 
upon  other  portions  of  the  valley  floor  where 
the  soil  is  more  dense,  and  where  the  water 
would  not  be  so  readily  absorbed.  The  total  es- 
timated discharge  from  the  basin  is  511/2  ^■ 
G.  D. 

Productivity  of  Livermore  Valley. 

The  water  lost  by  evaporation  does  not  ap- 
pear in  the  volume  measured  at  the  Sunol  Dam. 
The  amount  given  as  coming  from  the  Pleasan- 
ton  region  during  the  19  year  period  above  men- 
tioned as  measured  at  the  Sunol  Dam,  was  48 
M.  G.  D.  If  to  this  were  added  evaporation 
losses  from  the  wet  lands,  the  amount  given  by 
Mr.  Schussler  would  fully  confirm  the  51.5  M. 
G.  D.  estimated  in  Table  1. 

TABLE  NO.  1. 
Rainfall    and    run-off    of    the    Pleasanton    region 
above  the  Narrows:  j^^^j^^         j^^^^    Run-off 

Portion  of  Basin.            Inches.  Sq.Miles.  M.G.D. 
Arroyo  Valle  above  Reser- 
voir    25  143       25.6 

Arroyo  Mocho    20  59         6.3 

Southerly    foothills    below 

Arroyo    Valle    Reservoir 

and   to   Narrows 20  27         2.9 

Valley  floor  with  sand  and 

gravel  cover 15.46         18         4.7 

Patterson  Pass  region  east 

of  Livermore    18  8         0.7 

Low     hills     southeast     of 

Livermore   16  2         0.1 

Total  tributary  to  gravel 

beds 257       40.3       40.3 

Alamo  Basin  and  hills  on 

west  side  of  valley 20  40         4.3 

Tassajero  Basin   20  29         3.1 

Positas  Basin   18  32         2.9 

Valley  floor  with  clay  and 

soil   cover    15.46    ^      _0^ 

Total  tributary  to  other 

portions   of  basin Jf9       11.^       11^ 

Grand  total  406  61.5 


Evaporation  Losses. 

The  official  map  of  Alameda  County  of  1874 
shows  a  lagoon  in  the  southwest  portion  of  the 
Livermore  Valley  extending  in  an  irregular 
manner  from  the  narrows  toward  Santa  Rita, 
and  covering  an  area  of  8  square  miles.  A 
photograph  of  this  map  is  given  as  Map  2  in 
Mr.  Schussler 's  report  of  Nov.  14,  1911.  A 
study  of  the  logs  of  the  wells  in  the  valley,  and 
a  field  inspection  of  the  lands  in  question,  indi- 
cates that  over  an  area  of  12  square  miles,  the 
water  now  stands  at  an  average  depth  of  not 
to  exceed  3.0  feet  from  the  surface.  An  ex- 
tended series  of  observations  of  evaporation 
from  similar  moist  lands  has  been  made  under 
our  direction  in  Owens  Valley  during  the  past 
two  years.  These  observations  are  fully  de- 
scribed in  Engineering  News,  October  12,  1911, 
page  430.  It  is  here  shown  that  with  the  water 
plane  3.0  feet  from  the  ground  surface,  the 
evaporation  is  55  per  cent  of  that  from  a  water 

37" 

surface  in  that  locality,  _     The  evap- 

(67.24") 

oration  from  a  water  surface  in  the  Livermore 
Valley  is  taken  as  40",  55%  of  which  is  22",  or 
1.83  feet  in  depth.  This  evaporation  over  an 
area  of  12  square  miles  is  equivalent  to  a  loss 
of  12  M.  G.  D.  for  a  year.  A  second  and  inde- 
pendent estimate  of  this  wet  area  and  depth  of 
water  plane  was  made  by  Mr.  F.  W.  Roeding, 
who  is  very  familiar  with  the  valley,  which 
classification  confirms  the  above  estimate. 

Geological  Conditions  Favorable 
to  Productivity. 

The  mean  depth  of  all  wells  in  the  valley  is 
76  feet.  The  logs  of  all  the  wells  in  the  valley 
indicate  that  28  per  cent  of  their  depth  is  in 
sand  and  gravel.  The  logs  of  the  wells  over 
100  feet  in  depth  indicate  that  there  is  as  much 
gravel  in  the  first  100  feet  as  at  greater  depths. 
South  of  the  Southern  Pacific  line  between 
Pleasanton  and  Livermore,  the  sands  and 
gravels  predominate  at  the  surface,  but  north- 
westerly of  Pleasanton,  the  clays  predominate 
at  the  surface.  These  sands  and  gravels  have 
at  least  35%  of  voids  that  may  be  drained,  or 
10%  of  the  mass  of  the  valley  fill.  The  clays  or 
denser  soils  which  constitute  the  remaining 
72%   of  the  wells,   as  indicated  by  their  logs. 
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while  they  have  as  high  a  percentage  of  voids 
will  not  be  capable  of  such  free  drainage,  but 
if  the  gravels  underlying  them  are  drained,  it 
is  believed  that  these  denser  soils  will  give  up 
10  per  cent  of  their  volume  in  water,  or  7  per 
cent  of  the  mass  of  the  valley  fill.  The  total 
amount  of  water,  therefore,  that  can  be  with- 
drawn from  these  soils  is  considered  as  17%  of 
the  mass.  With  24  square  miles  capable  of 
being  drained,  there  is  a  capacity  of  2611  acre 
feet  per  foot  of  depth  of  the  valley,  and  to  find 
storage  for  40.3  M.  G.  D.  for  a  period  of  one 
year,  the  water  plane  of  the  24  square  miles 
must  be  lowered  18  feet,  or  if  the  storage  must 
be  provided  for  511/2  M.  G.  D.,  it  must  be 
drained  23  feet  in  depth. 

The  records  of  flow  at  the  Sunol  Dam  indi- 
cate that  the  minimum  year  run-off  is  18  per 
cent  of  the  mean ;  therefore,  if  storage  is  to  be 
provided  sufficient  to  carry  by  one  dry  year  on 
the  basis  of  40.3  M.  G.  D.  being  stored,  we  must 
be  prepared  to  lower  the  water  plane  31  feet, 
and  if  we  are  to  provide  similar  storage  for  51.5 
M.  G.  D.  we  must  be  prepared  to  lower  it  40 
feet. 
Seepage  Observations. 

On  January  26,  1912,  a  storm  occurred  dur- 
ing the  period  of  our  field  inspection.  On  Janu- 
ary 27th  at  10  a.  m.  we  witnessed  a  flow  of  45 
second  feet  (29  M.  G.  D.)  at  the  Clay  Bridge 
on  the  Arroyo  Valle  all  sink  into  the  gravels  in 
3,000  feet  of  chanel  below  the  bridge.  This  is 
given  as  indicative  of  the  rapidity  with  which 
the  gravels  of  the  valley  will  absorb  the  flood 
waters.  Mr.  Tibbetts  found  a  much  larger  ab- 
sorption with  a  larger  flood. 

At  the  same  time  there  was  10  second  feet 
(6.5  M.  G.  D.)  flowing  in  the  Moeho  at  the 
mouth  of  Dry  Creek.  This  all  sank  within  one 
mile.  The  Positas  Creek  was  flowing  on  Janu 
ary  2,  1912,  normally  before  the  storm,  at  the 
bridge  1%  miles  northwest  of  Livermore  2.2 
second  feet  (1.4  M.  G.  D.),  and  at  its  junction 
with  the  Moeho  five  miles  below,  1  second  foot 
(.64  M.  G.  D.).  This  channel  is  in  the  heavy 
soils  of  the  northern  side  of  the  valley,  where 
seepage  losses  are  much  lower. 

Physical  Conditions  of 
Livermore  Valley. 

Having  now  considered  the  precipitation  on 
the  mountain  area  tributary  to  the  Livermore 


Valley,  and  the  probable  amount  of  run-off  that 
will  reach  it  from  these  sources,  we  will  review 
the  physical  condition  of  the  valley  itself  with 
special  regard  to  its  adaptability  to  act  as  a 
reservoir  to  arrest  the  more  or  less  intermittent 
flow  of  the  streams  as  they  debouch  on  their 
channels  in  the  valley  floor. 

The  valley  floor  is  one  of  flat  relief,  and  com- 
paratively low  gradient,  and  the  fact  that  the 
larger  of  the  streams  entering  it  come  in  at 
points  fairly  wide  apart,  and  are  compelled  to 
flow  by  wa.y  of  the  longer  axis  of  the  valley, 
each  for  the  greater  portion  of  the  distance  in 
its  own  rather  rambling  course  to  reach  the  exit, 
makes  the  conditions  for  the  absorption  of  their 
waters  peculiarly  favorable. 

The  material  borne  down  by  the  floods  of  both 
the  Arroyo  del  Valle  and  the  Moeho  consists  of 
gravel  of  a  wide  range  of  texture,  the  frag- 
ments of  which  are  generally  more  spheroidal 
in  form  than  the  usual  sub-angular  shape  of 
granite  debris,  and  hence  afford  a  mass  both 
more  capacious  as  to  voids,  and  more  easily  per- 
meated by  water  than  granite  gravel.  This  con- 
dition will  account  for  the  remarkably  high 
velocities  observed  in  the  sub-flow  by  Mr.  Tib- 
betts. The  most  casual  glance  at  the  present 
surface  conditions  of  the  valley,  even  without 
the  disclosures  of  the  well  logs,  shows  that  both 
the  Moeho  and  Arroyo  Valle  streams  have  wan- 
dered in  a  broad  range  north  and  south  during 
the  period  covered  by  the  process  of  filling  the 
valley  to  its  present  level,  and  indeed  have  fur- 
nished by  far  the  greater  portion  of  the  mate- 
rial of  the  southerly  portion  of  the  fill.  Since 
this  material  was  transported  entirely  during 
periods  of  high  flood  flow,  it  is  mainly  composed 
of  clean  materials,  as  the  finer  products  of  ero- 
sion were  carried  away  in  suspension  to  the  sea. 

The  area  embraced  in  the  northerly  and 
northeasterly  slopes  of  the  watershed  comprises 
a  region  radically  different  in  character  of  sur- 
face from  the  basins  of  the  Moeho  and  Arroj'o 
del  Valle.  The  hill  slopes  of  this  area,  instead 
of  being  rugged  and  broken,  are  smooth  of  con- 
tour, and  present  the  aspect  of  mature  topog- 
raphy, and  hence  at  the  present  time,  geologi- 
cally speaking,  yield  little  or  no  gravel  debris. 
The  weathering  of  this  surface  in  its  present 
form  has  spread  a  broad  tapering  mantle  of 
soils  quite  dense  in  character  southerly  into  the 
valley  overwhelming  somewhat  the   earlier   de- 
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posits  of  the  eastern  streams,  and  in  all  proba- 
bility blanketing  coarser  deposits  of  earlier  times 
from  its  own  slopes.  This  assumption  is  sup- 
ported by  the  log  of  well  No.  42  (the  location 
of  which  is  too  far  north  to  reasonably  presume 
of  the  swing  of  the  Mocho  that  far  north), 
which  penetrated  gravel  amounting  to  23%  of 
its  total  depth  of  130  ft.,  and  which  from  its 
position  would  lead  to  the  inference  that  the 
gravel  so  found  was  in  the  old  debris  fan  of 
Tassajero  Creek. 

Swamp  Area. 

From  Santa  Rita  westerly  to  Dublin,  and  for 
a  very  considerable  distance  north  of  the  road, 
between  these  two  points,  and  ranging  in  fact 
quite  well  up  into  the  San  Ramon  fiats,  the 
ground  is  observed  to  be  in  a  state  of  almost 
complete  saturation,  and  the  nature  of  the  plant 
life  indicates  that  this  is  a  permanent  condi- 
tion. This  condition  also  extends  southerly  al- 
most to  the  producing  wells  of  the  Spring  Val- 
ley Water  Company,  situated  southwest  of 
Pleasanton,  and  has  every  appearance  of  being 
due  to  true  artesian  forces.  While  it  is  rea- 
sonably certain  that  this  condition  of  pressure 
on  the  southerly  portion  of  this  wet  area  is  due 
to  the  sub-flow  of  the  Mocho  and  Arroyo  Valle 
streams  we  cannot  reasonably  attribute  this  con- 
dition in  the  northerly  portion  of  the  area  to 
these  streams,  and  hence  the  theory  here  pre- 
sented that  the  water  appearing  at  this  point  has 
its  origin  on  the  slopes  of  the  Tassa.jero.  Alamo 
and  San  Ramon  basins.  The  water  yielding  pos- 
sibilities of  the  district  are  dwelt  on  here  at 
length  for  the  reason  that  it  seems  to  have  been 
somewhat  minimized  or  even  ignored  in  prior 
reports.  The  soil  cover  of  this  district  has  been 
referred  to  as  being  dense  in  character.  It  does 
not  follow,  however,  that  density  and  imperme- 
ability are  altogether  analogous  terms.  These 
soils  have  been  referred  to  in  other  reports  as 
clays,  and  while  it  is  conceded  that  they  are  of 
a  clayey  composition,  it  is  not  admitted  that 
they  are  impermeable,  else  how  does  the  water 
that  manifestly  uprises  from  beneath  them  reach 
the  surface?  In  point  of  fact,  this  deposit  has 
been  laid  down  in  the  usual  manner  of  the 
building  up  of  all  aluvial  deposits,  layer  by 
layer,  year  by  year,  in  exceedingly  small  incre- 
ments remaining  always  covered  by  a  vegetable 
growth,  the  dying  roots  of  each  generation  of 


which  leave  the  soil  penetrated  by  pores  of  dead 
rootlets  and  vermiculated  by  the  work  of  worms. 
This  organically  created  texture  is  quite  common 
in  heavy  soils,  as  is  well  known  to  engineers 
who  have  had  much  to  do  with  building  dams 
or  other  embankments,  and  who  invariably  find 
in  dealing  with  this  kind  of  material  that  it 
makes  a  less  volume  in  the  fill  than  is  accounted 
for  in  the  borrow  pit  due  to  the  breaking  down 
of  this  structural  porosity. 

This  deposit,  therefore,  instead  of  presenting 
an  unabsorptive  impassable  barrier  to  water,  af- 
fords a  fairly  receptive  and  very  rententive 
sponge,  that  without  doubt,  materially  adds  to 
the  water  resources  of  the  valley,  and  that  will 
readilj'  yield  its  precious  burden  when  the 
gravels,  that  in  all  probability  are  just  beneath 
it,  are  tapped  by  wells  to  drain  it.  In  another 
portion  of  this  report,  the  amount  of  water  lost 
hy  evaporation  ofi:  this  area  is  mentioned,  and 
with  proper  means  of  development  this  great 
loss  is  altogether  preventable  and  wholly  recov- 
erable. It  is  unfortunate  that  no  wells  exist  in 
the  northerly  portion  of  this  region,  but  it  is 
fairly  certain  that  quite  extensive  gravel  beds, 
the  product  of  the  erosional  effect  that  in  time 
past  smoothed  the  contour  of  the  hills  to  the 
north,  exist  beneath  the  clayey,  soil  cover.  This 
is  especially  likely  in  the  vicinity  of  the  mouths 
of  the  drainage  lines.  It  is  also  probable  that 
the  fault  offset  in  the  bed  rock  floor  of  the  val- 
ley following  parallel  to  the  base  of  the  Pleas- 
anton Ridge  contains  deep  seated  gravel  de- 
posits that  if  tapped  would  sub-drain  the  broad 
area  to  the  north. 

Other  Soil  Characteristics  and 
Stratigraphical  Features. 

The  region  lying  east  and  south  of  Liver- 
more  has  a  cover  of  light  gravely  soil  and  prob- 
ably contributes  a  very  considerable  percentage 
of  the  precipitation  on  it  to  the  ground  water. 
It  is  probable  that  below  the  soil  cover  in  this 
region  the  whole  valley  fill  to  the  bed  rock  con- 
sists of  coarse  gravel  and  boulders.  Farther 
down  the  valley  the  well  logs  show  the  usual 
characteristics  of  deposit  of  all  inclosed  Cali- 
fornia mountain  valleys,  namely,  alternating 
sandy  clays  and  gravels,  the  clays  occurring  in 
lenticular  tongues  irregularly  imbricated,  and 
occupying  perhaps  what  at  the  time   of  their 
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deposit  were  the  fragments  of  abandoned  chan- 
nels forming  mud-collecting  sloughs. 

All  the  streams  entering  the  valley  unite  to 
form  Laguna  Creek,  which,  flowing  through  the 
neck  of  the  valley,  enters  the  Sunol  Valley  where 
it  joins  Alameda  Creek. 

Development  of  Sunol  Valley. 

At  the  time  of  the  visit,  the  observations  of 
which  form  the  basis  of  this  report,  there  wa^  a 
stream  of  nine  or  ten  second  feet  in  Laguna 
Creek,  and  from  surface  conditions  it  appeared 
that  it  would  be  a  comparatively  easy  matter  to 
conserve  such  flows  as  this  if  they  are  of  com- 
mon occurrence  by  compelling  the  water  to  flow 
in  a  canar  around  the  edge  of  Sunol  Valley. 

Observations  made  along  the  banks  of  the 
Alameda  Creek  in  the  Sunol  Valley  indicate 
that  the  stream  is  at  present  a  cutting  one,  and 
also  seems  to  indicate  that  in  the  past  it  mean- 
dered freely  from  one  side  to  the  other,  laying 
down  gravel  beds  which  will  probably  be  found 
co-extensive  with  the  whole  flat  valley  area.  In- 
expensive borings  or  excavations  would  easily 
determine  if  this  were  the  case,  and,  if  so,  the 
canal  suggested  would  prove  a  very  effective 
sink  for  the  storage  of  whatever  surplus  water 
came  down  Laguna  Creek  during  periods  of 
excessive  influx  of  water  to  the  gravel  beds  of 
the  Livermore  Valley.  Water  stored  in  this 
manner  would  all  be  recoverable  by  the  filter 
gallerj'  now  existing,  and  the  water  developed 
by  this  gallery  could  be  very  much  augmented 
in  times  of  scarcity  by  the  simple  device  of  wells 
bored  through  the  gravels  along  the  line  of  the 
gallery  and  operated  by  compressed  air  from  a 
central  station. 

Development  in  Livermore   Valley. 

This  method  of  development  is  also  the  one 
suggested  and  recommended  for  the  recovery  of 
the  water  stored  in  the  Livermore  Valley.  A 
gallery  such  as  the  one  at  Sunol  might  be  con- 
structed to  follow  the  thread  or  thalweg  of  the 
valley,  and  having  a  flatter  grade  than  the  val- 
ley, hence  obtaining  a  greater  depth  below  the 
surface  at  the  upper  end,  but  it  must  be  re- 
membered that  such  a  method  of  development 
would  not  be  subject  to  control  as  to  outflow, 
as  it  would  prove  to  be  too  deep  during  times 
of  abundance  and  too  shallow  during  times  of 


scant  supply.  A  better  method  would  be  to  lay 
a  conduit  near  the  surface  following  the  thread 
of  the  valley  and  having  groups  of  wells  ar- 
ranged in  lines  transversely  to  it,  these  groups 
being  disposed  at  intervals  of  say  a  mile  and 
a  half  to  two  miles  apart  and  each  group  being 
operated  by  an  air  compressor  stationed  thereat. 
By  this  system  it  would  be  possible  to  follow  a 
receding  water  plane  to  great  depths  in  times 
of  drought.  This  method  is  one  very  much  in 
vogTie  in  Southern  Claifornia,  and  is  found  both 
efficient  and  effective  for  its  purpose.  The  lim- 
its of  depth  to  which  centrifugal  pumps  will 
draw  water  would  make  them  incompetent  tools 
for  this  service  as  years  may  come  in  which  it 
may  be  necessary  to  draw  water  from  greater 
depths  than  would  be  attainable  by  their  means. 
The  computation  of  the  volume  of  the  prism 
of  recoverable  water  in  the  Livermore  Valley, 
given  in  another  portion  of  this  report,  contem- 
plates its  withdrawal  to  a  depth  of  18  feet 
below  the  natural  water  plane,  and  assumes  that 
as  being  the  average  depth  year  by  year,  but, 
by  the  installation  and  use  of  the  compressed 
air  method  of  pumping,  much  greater  depths 
can  be  voided  when  there  comes  the  occasional, 
inevitable  dry  year,  making  the  addition  of  pos- 
sibly 50  to  60%  of  the  amount  of  water  com- 
puted for  the  18-foot  depth. 

Suggestions  for  Operation. 

It  is  suggested  that  the  order  of  operation  of 
these  plants  should  be  such  that  the  lower  one, 
which  should  be  located  in  the  upper  constric- 
tion of  the  valley's  neck,  be  used  for  continu- 
ous operation  so  as  to  maintain  depletion  to 
avoid  waste  by  natural  overflow.  The  next  ones 
to  be  operated  should  be  successively  from  the 
upper  end  in  order  to  prepare  exhausted  space 
in  the  first  and  most  receptive  portion  of  the 
gravel  mass  and  which  is  naturally  the  main 
recharging  area  of  the  debris  prism  of  the  val- 
ley. 

A  branch  line  conduit,  with  perhaps  two 
groups  of  wells,  should  also  be  built  northerly 
to  tap  the  extensive  semi-swamp  area  that  ex- 
ists in  that  direction^ 

The  whole  problem  of  development,  however, 
is  so  simple  that  suggestions  as  to  detail  are 
superfluous  here,  as  they  will  readily  suggest 
themselves  to  the  engineers  of  the  Spring  Val- 
ley Company. 
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Conclusions. 

The  Livermore  Valley,  like  all  valleys  of  its 
type,  possesses  the  great  natural  advantage  of 
having  the  most  receptive  mass  of  its  fill  where 
the  water  enters  it,  but  this  valley  is  excep- 
tionally favored  in  this  particular,  as  there  are 
contributions  at  intervals  all  around  it  and  the 
run-off  is  retarded  by  the  flatness  of  the  valley 
slope.  Moreover,  the  avidity  of  absorption  is 
wonderful,  as  one  of  the  available  observations 
records  the  disappearance  during  a  freshet  of 
moderate  flow  of  536  second  feet  from  the 
Arroyo  Valle  wash  in  a  distance  of  less  than 
six  miles.  Another  great  advantage  lies  in  the 
fact  that  the  greater  streams  have  to  traverse 
the  valley  by  the  longer  distances  and  neces- 
sarily over  the  more  porous  courses. 

In  its  salient  features  the  joint  mountain  and 
valley  area  bears  a  marked  similarity  to  the  San 
Fernando  watershed  which  supplies  the  City 
of  Los  Angeles  with  an  average  yield  of  50 
M.  G.  D. 

Notwithstanding  the  ample  provision  natu- 
rally existing  for  the  absorption  and  storage  of 
the  drainage  tributary  to  the  Livermore  Valley 
there  still  remains  the  necessity  of  artificially 
providing  for  the  impounding  of  the  peaks  of 
extreme  floods.  The  construction  of  the  pro- 
posed reservoir  in  the  Arroyo  Valle  canyon 
would  seem  to  be  ample  for  this  purpose,  as 
its  computed  capacity  would  yield  a  flow  of  37.7 
M.  G.  D.  for  a  period  of  one  year  with  a  height 
of  dam  of  150  feet.  This  great  volume  would 
possibly  be  sufficient  to  regulate  anything  but 
the  floods  of  very  rare  occasions,  and  serve  to 
remedy  whatever  deficiencies  exist  in  the  val- 


ley itself  as  a  medium  of  storage.  Taking  the 
whole  watershed,  embracing  mountain  and  val- 
ley, its  perfection  as  a  unit  for  the  purpose  of  a 
water  supply  must  be  regarded  as  unique,  as  all 
the  necessary  elements  of  catchment  area,  con- 
servation capacity  and  sanitary  protection  are 
joined  in  one  harmonious  whole.  One  cannot 
help  but  admire  the  wisdom  and  foresight  that 
suggested  its  possession  and  control  for  this 
purpose,  and  the  acquisition  of  this  property  is 
one  of  marked  advantage,  not  alone  to  the 
Spring  Valley  Water  Company,  but  to  the  whole 
population  it  will  ultimately  serve  and  to  whose 
use  it  will  be  perpetually  dedicated. 

We  would  recommend  deferring  the  construc- 
tion of  the  Arroyo  Valle  Reservoir  until  after 
the  underground  development  of  the  Livermore 
Valley  has  been  perfected  and  more  exact  data 
is  obtained  relative  to  the  stream  flow  and  drain- 
age therein.  Only  with  this  information  can  the 
correct  height  of  dam  be  determined. 

We  believe  that  by  following  the  suggestions 
above  outlined,  and  without  the  construction  of 
the  Arroyo  Valle  Reservoir,  from  35  to  40  M. 
G.  D.  continuous  flow  can  be  developed  from 
the  gravel  beds  of  Livermore  Valley.  With  the 
Arroyo  Valle  Reservoir,  this  amount  may  be 
made  to  closely  approximate  the  full  mean  an- 
nual water  crop  of  the  drainage  basin,  esti- 
mated at  51.5  M.  G.  D.  continuous  flow. 

Respectfully  submitted. 

WM.  MULHOLLAND, 
J.  B.  LIPPINCOTT, 

Consulting  Engineers. 
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THE  FUNDAMENTAL  CONDITIONS  OF  SAN  FERNANDO  VAL- 
LEY FROM  WHICH  LOS  ANGELES  RECEIVES  ITS  EN- 
TIRE WATER  SUPPLY  ARE  PARALLEL  TO  THOSE 
IN  THE  LIVERMORE  VALLEY 


BY 

Wm.  Mulholland, 
Chief  Engineer  of  the  Los  Angeles  Aqueduct, 

AND 
J.  B.  LlPPINCOTT, 

Assistant  Chief  Engineer  of  the  Los  Angeles  Aqueduct. 


Los  Angeles,  Cal.,  May  13,  1912. 
Mr.    S.    P.    Eastman,   Manager    Spring   Valley 

"Water  Company, 

San  Francisco,  California. 
Dear  Sir: 

You  have  requested  a  statement  of  the  extent 
of  underground  water  development  in  Southern 
California.  This  is  a  very  broad  subject.  Con- 
cisely put,  there  is  twice  as  much  water  supplied 
from  underground  sources  for  both  irrigation 
and  domestic  uses  as  is  supplied  from  surface 
streams.  The  largest  city  of  Southern  Cali- 
fornia, Los  Angeles,  and  all  its  suburbs,  Pasa- 
dena, Hollywood,  Santa  Ana,  Long  Beach  and 
the  other  beaches,  are  so  sustained,  having  a 
total  population  of  half  a  million  souls.  The 
total  summer  surface  flow  of  all  our  Southern 
California  streams  is  about  250  second  feet, 
while  in  1904  the  estimated  developed  supply 
was  500  second  feet.  Since  that  time  the  under- 
ground development  has  increased.  In  some  in- 
stances this  has  gone  too  far,  while  in  others, 
our  recent  cycle  of  wet  years  has  restored  the 
depletion  of  the  seven  dry  years  ending  with 

1900. 

The  drainage  basin  of  the  Los  Angeles  River 
above  the  Narrows  closely  resembles  the  Liver- 
more  Valley  above  Verona. 

Los  Angeles  River    Livermore  Valley 
Drainage  Area.        Drainage  Area. 
High    mountains..       174  sq.  miles        202  sq.  miles* 

Foothills 153 ::    ::     iss ;;    - 

Valley J^  __^ 

Total   503    "         "  406    "         " 

•Arroyo  Valle  above  reservoir  site  and  Mocho. 


The  rainfall  generally  in  Southern  California 
is  less  than  that  in  the  central  portion  of  the 
State.  The  town  of  San  Fernando  in  the  San 
Fernando  Valley  had  a  mean  precipitation  in 
25  years  (1877-78  to  1901-02)  of  13.98  inches. 
Its  position  in  the  San  Fernando  Valley  corre- 
sponds to  that  of  Livermore,  which  has  a  mean 
of  15.46  inches.  The  mean  for  Mt.  Hamilton 
(31.5  inches)  is,  we  believe,  greater  than  that 
of  the  San  Gabriel  peaks  on  the  Eastern  crest 
of  the  Los  Angeles  River  basin. 

Underground  Water  Development  of 
the  San  Fernando  Valley. 

San  Fernando  Valley  has  been  filled  with 
sand  and  gravel  across  its  eastern  end,  and  the 
floods  of  the  Big  and  Little  Tejunga  branches 
are  projected  thereon,  for  a  distance  of  10  miles, 
and  largely  absorbed,  to  reappear  at  the  Nar- 
rows, where  the  valley  outlet  is  contracted.  The 
foothills  on  the  north,  west  and  south  of  the 
San  Fernando  Valley  are  of  shale  and  sand- 
stone, which  furnish  a  denser  soil  on  the  western 
two-thirds  of  the  valley  floor.  The  run-off  from 
these  foothills  is  carried  well  across  these  heavy 
lands,  and  in  part,  passes  down  through  the 
Narrows  in  flood  waves.  In  the  Livermore  Val- 
ley the  greater  portion  of  the  water  enters  from 
the  southeast  corner  and  passes  over  the  gravels 
east  of  Pleasanton  for  a  distance  of  seven  miles. 
These  Livermore  gravels  are  more  interspaced 
with  clay  than  those  in  the  San  Fernando  Val- 
ley. There  is  a  greater  contraction  of  the  out- 
let of  the  Livermore  Valley  than  in  the  case 
of  the  San  Fernando.     The  softer  rock  hills  on 
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the  east,  north  and  west  of  Livermore  Valley 
have  their  counterpart  in  the  San  Fernando,  as 
described  above,  as  also  do  the  denser  soils  in 
the  valley  floor.  The  Livermore  Valley  has  a 
so-called  "clay  cap"  over  12  square  miles  near 
its  outlet,  producing  artesian  conditions  which 
io  not  occur  in  the  San  Fernando,  but  re- 
sembling conditions  above  Colton  in  the  San 
Bernardino  Valley.  This  is  an  advantage  to  the 
Livermore  Valley,  as  it  improves  the  storage 
conditions.  The  water  drains  naturally  from 
the  San  Fernando  Valley,  and  forms  the  Los 
\ngeles  River  by  percolation,  this  outflow  be- 
ing uniform  throughout  the  year  except  when 
sudden  flood  waves  pass  through.  Laguna  Creek 
does  the  same  from  Livermore  Valley,  but  not 
so  freely  on  account  of  the  "clay  cap"  condi- 
tions. For  this  reason,  the  flood  waves  passing 
through  the  Livermore  Narrows  are  probably 
relatively  greater.  If,  however,  the  water  is  ex- 
tensively drawn  from  the  valley  by  means  of 
wells,  then  the  opportunities  for  storage  will  be 
increased  correspondingly. 

The  flow  of  the  Los  Angeles  River  has  been 
measured  at  the  Narrows  at  Crystal  Springs 
from  June,  1898,  to  April,  1912.  Exclusive  of 
flood  waves,  the  mean  for  that  period  of  14 
years  was  54  second  feet.  This  does  not  include 
pum-ing  by  irrigators  in  the  San  Fernando 
Valley,  which  amounts  to  about  10  second  feet, 
and  the  unaerflow  escaping  past  the  Crystal 
Springs,  which  will  amount  to  five  second  feet 
more,  a  total  of  69  second  feet  or  45  million  gal- 
lons daily.  During  the  midsummer  months  the 
inflow  to  the  valley  from  the  surrounding  moun- 
tains is  negligible.  The  estimated  run-ofE  for 
the  Livermore  Valley,  based  upon  36.4  per  cent, 
of  the  Sunol  measurements,  and  exclusive  of 
evaporation  losses,  is  50  million  gallons  daily. 
Adding  estimated  evaporation  losses  in  the 
Pleasanton  bottoms,  it  is  62  million  gallons 
daily.  Based  upon  computations  of  rainfall  and 
run-off  made  by  us,  we  estimated  the  mean 
annual  contribution  to  the  Livermore  Valley 
at  51.5  million  gallons  daily,  which  amount  we 
accepted.  As  the  mountainous  portion  of  the 
basins  above  Laguna  Creek  and  Livermore  Val- 
ley is  greater  than  in  the  case  of  the  Los  Angeles 
River,  and  as  the  rainfall  in  the  former  is  fully 
as  great,  we  believe  it  reasonable  to  expect  as 
large  a  water  crop  therefrom  as  from  the  Los 
Angeles  River. 


Development  of  the  Underground 
Water  of  the  Drainage  Basin 
of  the  Santa  Ana  River. 

The  Santa  Ana  River  is  an  interesting  ex- 
ample of  the  action  of  surface  and  return 
waters.  This  stream  rises  on  the  western  slope 
of  the  San  Bernardino  Mountains.  There  is  a 
total  drainage  area  above  Colton  of  483  square 
miles  of  high  mountains,  and  267  square  miles 
of  foothills  and  valleys,  making  a  total  of  750 
square  miles  in  all.  Above  a  point  known  as 
Rincon  or  the  Auburndale  bridge,  on  the  same 
stream  there  is  555  square  miles  of  mountains, 
383  square  miles  of  foothills  and  525  square 
miles  of  valley,  or  a  total  of  1463  square  miles. 
(See  map  in  U.  S.  G.  S.  Water  Supply  Paper 
No.  59.)  These  latter  areas  are  at  a  lower  point 
on  tht  same  stream,  and  are  referred  to  later 
in  the  discussion  of  the  underground  waters. 
The  rainfall  in  the  floor  of  the  valley  is  from 
10  to  15  inches,  and  in  the  mountains  between 
20  and  30  inches. 

This  district  was  investigated  for  the  U.  S. 
Geological  Survey  for  two  years  prior  to  1902, 
and  Water  Supply  Papers  No.  59  and  60,  by 
J.  B.  Lippincott,  were  issued  concerning  it. 
The  principal  feature  of  this  report  is  a  dis- 
cussion of  the  underground  waters.  During 
the  summer  season  all  of  the  streams  entering 
the  San  Bernardino  Valley  are  completely  di- 
verted for  purposes  of  irrigation  at  the  mouths 
of  their  mountain  canyons.  They  are  spread 
over  the  higher  valley  lands  near  the  foothills 
first,  and  percolating  towards  the  thalweg  of  the 
valley,  they  reappear  as  seepage  or  return 
waters.  These  percolating  irrigation  waters  are 
augmented  by  the  absorption  of  the  winter 
floods  in  their  porous  delta  cones.  During  the 
past  two  years  the  winter  floods  have  been 
spread  over  the  coarser  gravels  for  the  purpose 
of  accelerating  their  absorption. 

One  and  one-half  miles  northeast  of  Colton 
there  is  an  outcropping  of  clay  known  as  Bunker 
Hill.  This  region  is  the  lower  limit  of  the 
upper  Santa  Ana  artesian  belt.  It  also  serves 
to  force  to  the  surface  the  return  waters  from 
irrigation  that  are  percolating  or  flowing  west- 
ward above  a  clay  cap,  which  covers  the  lower 
portion  of  the  valley,  as  in  the  case  of  the  Liver- 
more Valley.  Six-sevenths  of  the  water  of 
Riverside  is  obtained  from  underground  sources 
above  this  range  of  clay  hills. 


PARALLELS    IN   FUNDAMENTAL  CONDITIONS. 
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A  somewhat  similar  condition  is  repeated  at 
Rincon,  where  the  Santa  Ana  River  has  cut  its 
way  through  the  lower  Coast  Range.  At  this 
point  the  underground  waters  are  again  forced 
to  the  surface  and  furnish  the  water  supply  for 
Anaheim,  Santa  Ana  and  FuUerton  near  the 
coast.  Beyond  these  lower  Narrows  there  is  an 
open  plain  to  the  sea,  and  the  Santa  Ana  River 
makes  no  further  reappearance  except  in  an 
artesian  district  below  the  100-foot  contour. 
This  artesian  and  percolating  water  yields  a 
very  uniform  flow.  The  development  works 
near  Colton  and  San  Bernardino  draw  from  this 
reservoir  as  a  spigot  draws  from  a  tank.  The 
flow  is  relatively  u.niform,  and  the  tank  is  filled 
by  winter  floods  and  by  seepage.  The  capping 
or  uncapping  of  numerous  wells  in  a  neighbor- 
hood has  little  immediate  effect  on  the  flow  of 
any  well  until  the  full  discharge  capacity  of  the 
underground  conduit  is  approached.  When  that 
occurs,  the  water  in  all  the  wells  is  lowered  and 
pumping  must  be  resorted  to. 

The  flat  valley  area  above  Colton  comprises 
132  square  miles,  and  it  is  reasonable  to  esti- 
mate that  100  square  miles  of  this  consists  of 
gravel  deposits  eroded  from_  the  mountains. 
These  gravels  are  of  imknown  but  great  depths. 
Numerous  wells  have  been  put  down  to  900  feet 
and  no  bed  rock  has  been  encountered.  In  1901 
a  record  of  890  wells  in  this  area  was  compiled. 
As  the  water  plane  is  drawn  down  throughout 
this  mass,  its  capacity  to  absorb  subsequent 
floods  at  its  rim,  where  the  mountain  streams 
debouch,  is  increased.  It  is  a  great  regulating 
reservoir,  sufficient  in  capacity  to  carry  the  ir- 
rigation communities  through  cycles  of  dry 
years,  and  to  be  recharged  during  those  of 
copious  rainfall.  From  data  available  in  1902, 
a  withdrawal  of  140  second  feet  of  water,  or  90 
million  gallons  daily,  was  believed  to  be  reason- 
ably safe.  In  the  same  ratio  per  square  mile 
of  total  drainage  area,  the  Livermore  Valley 
should  yield  49  million  gallons  daily. 

In  September,  1900,  there  was  being  obtained 
above  Colton  from  the  valley  floor  71  cubic  feet 
per  second  of  developed  water,  and  54  cubic 
feet  per  second  of  nati^ral  flow.  On  June  30, 
1898,  the  Riverside  Water  Company  alone  was 
obtaining  69.40  second  feet  from  this  valley  at 
the  end  of  a  period  of  five  dry  years.  This  was 
considered  a  normal  summer  flow  from  their 
various   sources   of  supply.      The    Gage    Canal 


which  serves  the  Riverside  District  constantly 
diverts  from  one-half  to  two-thirds  as  much  as 
the  Riverside  Canal,  and  all  the  waters  of  the 
Gage  Canal  are  developed.  These  two  canals 
serve  the  greatest  orange-growing  district  in  the 
State  of  California  and  probably  the  richest 
horticultural  region  in  the  world. 

The  following  table  indicated  the  return 
waters  coming  in  above  Rincon  from  the  drain- 
age basin  of  the  Santa  Ana  River.  The  year 
1898  was  a  dry  j^ear  during  a  dry  cycle: 

1898 

June         Sept. 
Sec.  Ft.     Sec.  Ft. 

Mountain  streams  above  Colton 80  63 

Mountain  streams  below  Colton 21  17 

Total  summer  streams  from  moun- 
tains         101  80 

Return    and    developed    water    above 

Colton    138  145 

Return  water  between  Colton  and 
Riverside  Narrows   75  62 

Return  water  between  Riverside  Nar- 
rows and  Rincon  61  53 

Total  return  water  above  Rincon.,     274  260 

The  discharge  from  the  mountain  streams,  as 
previously  stated,  is  all  diverted.  The  seepage 
water  that  is  flowing  from  the  outlet  of  the 
valley  is  the  return  irrigation  water  and  the 
regulated  flood  which  has  been  absorbed  by  the 
gravels  above.  Of  course,  the  outflow  from  the 
valley  can  be  no  larger  than  the  inflow,  when 
averaged  through  the  different  months  of  the 
year  and  through  different  terms  of  wet  and 
dr>'  years.  The  table  is  given  as  indicative  of 
the  very  substantial  nature  of  these-  under- 
ground waters.  All  these  seepage  return  waters 
are  completely  used  and  are  sustaining  the  popu- 
lation and  horticulture  of  this  district. 

Development  of  the  Underground 

Water  of  the  San  Gabriel  River. 

The  same  sort  of  a  showing  is  made  by  the 
San  Gabriel  River.  In  July,  1898,  a  very  dry 
year,  the  total  flow  of  all  the  streams  in  the 
drainage  basin  of  the  San  Gabriel  River  above 
the  Narrows  at  El  :\lonte,  was  1.5.71  second  feet, 
while  the  seepage  and  return  waters  at  the  Nar- 
rows was  62.85  second  feet,  and  in  August  of  the 
same  year,  the  mountain  streams  were  flowing 
7.49  second  feet  and  the  return  waters  were 
flowing  52.6  second  feet,  or  about  37  million 
gallons  daily  of  seepage  water.   The  San  Gabriel 
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Eiver  drains  about  319  square  miles  of  the  south- 
ern face  of  the  Sierra  Madre  Mountains,  and 
246  square  miles  of  valleys  and  foothills,  about 
20  miles  easterly  from  Los  Angeles.  After  leav- 
ing its  mountain  canyon,  the  flood  waters  pass 
over  a  great  gravel  cone,  in  which  they  largely 
disappear,  and  are  again  forced  to  the  surface, 
together  with  return  irigation  waters,  where  the 
valley  is  contracted  by  the  low  foothills  south- 
east of  the  city  of  Los  Angeles. 

Conclusions. 

This  discussion  of  the  underground  waters  of 
Southern  California  could  be  materially  ex- 
tended. They  exist  in  the  Cajon  Valley  in  San 
Diego  County,  in  Ventura  County  and  else- 
where. The  reference  to  them  is  made  here  to 
show  that  on  this  coast  we  do  not  hesitate  to 
build  up  great  communities  on  water  supplies 
of  this  character.    In  fact,  we  believe  that  under- 


ground water  supplies  stored  in  gravel  beds  of 
this  character  are  the  more  reliable,  freer  from 
contamination,  and  usually  are  not  subject  to 
evaporation  losses.  Also  they  can  be  extracted 
in  larger  or  smaller  volumes,  as  circumstances 
require. 

We  believe  the  physical  characteristics  of  the 
Livermore  Valley  closely  resemble  these  condi- 
tions in  Southern  California. 

We  have  been  connected  with  the  study  of 
these  underground  waters  and  their  develop- 
ment during  the  past  twenty  years  or  more,  and 
in  almost  every  instance,  the  amounts  of  water 
that  have  been  obtained  from  these  sources  of 
supply  have  been  greater  than  at  first  estimated. 

Very  truly  yours, 

WM.  MULHOLLAND, 

J.  B.  LIPPINCOTT. 


REPORT  ON  THE  PRODUCTIVITY  OF  LIVERMORE  VALLEY, 

USING  DATA  FROM  THE  REPORT  MADE  BY  CYRIL 

WILLIAMS,  JR.,  ON  ALAMEDA  CREEK 

SYSTEM,  TO  JOHN  R.  FREEMAN 


BY 

Wm.  Mulholland, 
Chief  Engineer  of  Los  Angeles  Aqueduct, 

AND 
J.   B.   LiPPINCOTT, 

Assistant  Chief  Engineer  of  Los  Angeles  Aqueduct. 


San  Francisco,  Cal.,  July  2nd,  1912. 

S.  P.  Eastman,  Esq., 

Vice-President  and  Manager  Spring  Valley 
"Water  Co.,  San  Francisco,  Cal. 

Dear  Sir: — 

Supplemental  to  our  report  of  February  2d, 
1912,  on  the  subject  of  the  "Resources  of  the 
Spring  Valley  Water  Company  in  the  Liver- 
more  Valley,"  and  responding  to  your  inquiries 
prompted  by  that  report,  and  other  information 
and  data  on  the  subject  now  in  your  possession, 
we  beg  to  respond  to  those  inquiries  in  the  order 
of  their  presentation: 

Livermore  Valley  Filled   With 
Porous  Materials. 

First,  as  to  the  structural  geological  features 
of  the  valley,  as  bearing  on  the  probability  of 
the  valley  fill  being  largely  composed  of  im- 
permeable clays.  It  is  with  diffidence  that  we 
approach  this  subject,  for  the  reason  that  you 
have  in  your  possession  a  geological  report  cov- 
ering the  region  from  a  most  eminent  authority. 
There  are  certain  features,  however,  that  are 
obvious  even  to  the  layman  with  engineering 
training.  The  fact  that  there  has  been  either  a 
great  down-throw  of  the  land  to  the  east  of  the 
Alameda  ridge,  or  an  up-lift  of  the  Alameda 


ridge,  or  possibly  a  combination  of  both  of  those 
movements,  along  the  fault  line  approximately 
following  the  east  base  of  the  ridge,  is  evident 
even  to  the  unskilled  observer.  That  the  move- 
^)lent  was  a  profound  one  is  also  evident,  but  it 
does  not  follow,  and  would  be  wholly  inconsist- 
ent with  all  the  observed  occurrences  of  such 
movements,  to  reason  that  this  great  displace- 
ment occurred  suddenly  as  a  single  cataclysm,  or 
m  increments  of  very  decided  displacements. 
Such  faults  occur,  as  far  as  can  be  observed,  by 
slow  degrees — inch  by  inch — and  sometimes, 
though  rarely,  measurable  by  feet,  and  covering 
almost  inconceivable  periods  of  time.  This  be- 
ing the  case,  it  is  impossible  to  imagine  a  con- 
dition at  any  time  that  would  create  a  lake  of 
any  great  depth  in  the  Livermore  Valley  to  the 
east  of  the  fault  line  due  to  these  movements,  as 
the  slowly  relatively  rising  rim  wovdd  be  eroded 
tlown  by  natural  processes  about  as  fast  as  the 
displacements  occurred,  or,  if  not  quite  as  fast, 
at  least  slowly  enough  to  permit  a  filling  of  the 
depressed  side  of  the  valley  floor  with  ordinary 
alluvial  debris.  The  records  of  the  wells  about 
Pleasanton,  however,  are  sufficient  to  discredit 
any  such  theory;  the  logs  disclose  soils,  occa- 
sional clay  beds  and  thick  bedded  gravels,  with 
no  evidence  that  the  clay  deposits  were  lacus- 
trine in  origin ;  in  fact  the  formation  differs  in 
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no  particular  from  the  formations  found  in 
other  valleys  throughout  the  State,  that  resemble 
this  in  configuration  and  conditions  of  stream 
flow. 

Value  of  Watershed  as  Integral  Part 
of  System  Greater  Than  as  a  Unit. 

Your  second  inquiry  relates  to  the  difference 
of  appraisement  as  a  water  producing  unit  to 
be  assigned  to  the  watershed,  when  considered 
in  its  relation  to  the  Spring  Valley  Water  Com- 
pany's  Peninsula  property,  and  attached  thereto 
as  against  its  consideration  as  an  independent 
imit,  as  though  it  were  the  sole  source,  for  in- 
stance, of  supply  of  a  city  requiring  approxi- 
mately for  its  use,  year  by  year,  the  total  output 
of  its  watershed.  It  must  be  manifest  that  there 
can  be  but  one  answer  to  this  question,  and  that 
is,  that  the  drainage  area  is  vastly  more  useful 
as  an  adjunct  to  the  Spring  Valley's  peninsula 
supply,  than  it  would  be  standing  as  an  in- 
dividual unit,  for  the  reason  that,  in  periods  of 
low  yield,  the  great  impounded  water  sources  of 
the  Spring  Valley  Water  Company  can  be 
relied  upon  to  meet  the  deficiencies,  and 
per  contra,  in  the  years  of  great  yield, 
the  excess  production  can  be  conveyed 
either  directly  to  the  great  impounding 
basins  on  the  Peninsula,  the  property  of  the 
Company,  or  delivered  direct  to  the  consumer, 
conserving  for  lean  years  the  water  already  im- 
pounded in  those  basins.  This,  we  believe,  is  the 
plan  that  has  always  been  contemplated,  and 
intended  ultimately  to  be  carried  out  in  connec- 
tion with  this  source  of  supply,  so  that  it  is 
unfair  and  unreasonable  to  confine  any  consid- 
eration of  its  value  to  the  amount  of  water  it 
may  yield  in  the  year,  or  series  of  years,  of  ex- 
treme drought,  and  unattached  to  the  rest  of  the 
property  of  the  Spring  Valley  Water  Company. 

Ultimate  Water  Yield  of 
Livermore  Valley. 

Answering  your  third  question  as  to  the 
computed  probable  ultimate  yield  of  the  water- 
shed, as  given  in  the  original  report,  it  may  be 
said  that  the  quantity  there  given  amounts  to 
about  .155  second  feet  per  square  mile  of  the 
area  of  the  shed,  including  the  valley  floor,  and 
in  fact,  all  the  area,  both  mountain  and  valley, 
embraced  in  the  subdivisions  shown  on  the  map 


tributary  to  Laguna  Creek.  This  quantity  ex- 
pressed in  depth  in  inches,  over  the  catchment 
area,  or  over  the  whole  basin,  is  2.1  inches,  and 
is  somewhat  less  in  amount  than  that  obtained 
from  the  San  Fernando  Valley,  which  supplies 
the  City  of  Los  Angeles  with  water  at  the  pres- 
ent time,  which  has  a  somewhat  less  rainfall  on 
the  average,  and  is  more  subject  to  intermittent 
and  protracted  visitations  of  drought  than  is 
the  Livermore  Valley,  there  being  a  record  of 
recent  date  of  a  period  of  seven  years  grouped 
in  succession  in  which  the  aggregate  rainfall 
was  but  60  per  cent  of  the  normal.  Indeed  we 
have  no  hesitation  in  asserting  that,  by  having 
proper  recourse  during  years  of  drought  to  the 
Livermore  Valley  gravels,  the  estimate  given, 
viz.:  35  to  40  million  gallons  per  day,  was 
very  conservative. 

It  has  been  called  to  our  attention  that,  for 
some  reason  altogether  unexplained,  no  value  is 
attached  to  the  140  or  150  square  miles  of  terri- 
tory lying  to  the  north  and  west  of  the  Liver- 
more Valley,  comprising  the  Alamo,  Tassejero, 
and  Positas  Creek  watersheds.  This  is  alleged  to 
have  been  done  for  the  reason  that  the  soil  is 
said  to  be  tight  and  unabsorbent,  also  that  the 
precipitation  is  small  on  these  watersheds. 

On  the  latter  point  the  rain  gages  in  the  vicin- 
ity of  Dublin,  and  westerly  therefrom,  which  are 
the  ones  most  adjacent  and  applicable  to  those 
regions,  indicate  precipitation  which  is  rather 
greater  than  the  average,  and  from  the  peculiar 
mountain  conditions  of  the  country  it  may,  al- 
most with  certainty,  be  expected  that  along  the 
Diablo  range  to  the  north,  the  precipitation  is  at 
least  equal  to  the  average  of  that  of  the  whole 
shed,  for  the  reason  that  the  saturated  winds 
from  the  ocean  come  without  interception,  or 
with  comparatively  little  interception,  to  rob 
them  of  their  water  burden,  across  the  gap  in 
the  coast  created  by  San  Francisco  Bay,  and 
reach  the  elevated  country  in  this  range  on 
which  to  precipitate  their  first  contribution  in 
the  way  of  rainfall  in  their  easterly  trend  across 
the  continent. 

Porosity  of  Valley  Fill. 

As  to  the  second  point,  that  of  tightness  of  the 
soil:  We  cannot  see  where  there  can  be  any 
material  difference  in  the  porosity  of  the 
soils     or     rocks     composing     this     mountain 
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region,  from  that  of  the  valley  of 
Arroyo  del  Valle,  for  instance.  The  fact 
that  the  streams  do  not  debouch  on  great 
superficially  visible  gravel  fans,  as  do  the  streams 
of  the  Arroyo  del  Valle,  and  Mocho,  does  not 
mean  that  the  waters  are  not  in  large  measure 
absorbed  and  slowly  released  into  the  gravels  of 
the  valley  floor  that  lap  the  flanks  of  the  moun- 
tain beneath  the  present  soil  surface. 

A  very  cursory  examination  of  the  country 
lying  to  the  east  and  north  of  Dublin  will  show 
that  nearly  the  whole  flat  area  is  in  a  state  of 
saturation,  and,  as  pointed  out  in  the  report  al- 
ready rendered,  is  probably  underlaid  with 
gravel  deposits  that  reach  up  to  the  rock  rim. 

To  assign  no  value  to  this  great  area  would 
be  tantamount  to  declaring  that  different  mater- 
ials used  in  roofing  a  building  will  shed  more  or 
less  rain  than  other  materials.  In  short,  we  have 
no  hesitation  in  emphatically  declaring  that 
developed  wells  along  the  west  and  north  edge 
of  the  valley  floor  will  produce  quite  as  abund- 
antly as  wells  in  any  other  portion  of  the  val- 
ley, and  that  the  water  derived  will  have  its 
origin  in  this  area  which  has  been  so  cavalierly 
disregarded. 

As  stated  in  the  former  report,  there  is  noth- 
ing to  indicate  that  these  so-called  clays  are  any- 
thing more  than  land  formed  soils  of  somewhat 
clayey  composition.  The  valley  of  what  is  known 
as  San  Jose  Creek,  the  mouth  of  which  lies  about 
20  miles  east  of  the  City  of  Los  Angeles,  the  val- 
ley itself  being  about  12  miles  long,  and  draining 
an  area  of  about  40  square  miles,  the  formation 
of  which  is  almost  wholly  of  tight  appearing 
sedimentary  rocks,  such  as  sandstone  and  shales, 
yields  as  much  water  per  square  mile  as  the  San 
Fernando  Valley,  although  the  rainfall  in  it  is 
somewhat  less,  and  its  mountain  area  much  lower 
in  elevation  and  slope.  The  deposits  of  debris 
in  the  thread  of  the  valley  are,  moreover,  very 
narrow,  shallow  and  restricted  in  volume,  not- 
withstanding which  its  water  yield  sustains 
many  thousands  of  acres  of  highly  productive 
orchards  and  alfalfa  farms. 

The  seepage  into  these  gravels  is  laterally 
from  the  sides  of  the  valley,  and  is,  with  the 
exception  of  a  very  few  places,  subsurface  and 
invisible,  and  we  would  expect  the  same  condi- 
tion to  exist  with  reference  to  the  Alamo,  Tas- 
sajero  and  Positas  drainage  systems,  and  we 


feel  free  to  assert  that  there  is  strong  local 
evidence  that  this  condition  does  exist. 

The  Livermore  Valley  floor  itself,  with  the  rel- 
atively copious  rainfall  of  this  region,  can  be 
relied  upon  to  contribute  no  small  share  to  the 
maintenance  of  the  water  supply  in  the  gravels 
that  underdrain  it.  Ground  water,  sustaining 
perennial  river  flows  in  flat  countries  in  other 
portions  of  the  United  States,  can  be  cited  in 
support  of  this  assertion,  and  illustrates  that 
mountain  catchment  areas  are  not  prerequisite 
to  the  existence  of  abundant  ground  water, 
neither  as  to  quantity  nor  constancy  of  yield. 

Livermore  Valley  a  Vast 

Underground  Reservoir. 

The  fourth  question,  which  is  to  the  effect 
that,  assuming  the  existence  of  a  record  that  only 
showed  a  water  crop  for  two  years  in  succession 
of  about  14  million  gallons  per  day,  to  what 
extent  the  gravels  of  the  valley,  when  fully 
developed  by  intelligent  grouping  and  placing 
of  wells,  with  pumping  equipment,  could  be 
relied  on  to  supplement  the  supply,  we  will  say 
that  computation,  based  on  the  disclosures 
derived  from  the  well  logs  of  the  formation 
existing  in  the  valley  floor,  leads  to  the  conclu- 
sion that  the  voiding  of  the  top  40  feet  of  the 
water  plane  provides  sufficient  volume  to  yield 
about  20  M.  G.  D.  for  2  years,  and  the  feat  of 
mechanically  raising  it  can  be  accomplished 
without  doing  violence  in  any  way  to  practic- 
ability, and  is  being  commonly  done  in  many 
regions  in  Southern  California  at  present,  and 
for  many  years  past. 

Partial  Review  of  the  Report  of  Cyril 
Williams,  Jr.,  Relative  to  a  Water 
Supply  From  the  Livermore  Valley. 

There  are  three  salient  points  to  be  considered 
relative  to  obtaining  a  permanent  water  supply 
from  the  Livermore  Valley: 

1st.  What  is  the  annual  water  crop,  or  run- 
off, projected  on  to  the  gravels? 

2nd.  What  may  be  considered  as  the  reason- 
able inflow  into  the  gravels? 

3d.  What  a,mount  may  be  extracted  from  the 
gravels  ? 

Run-off. 

The  discussion  of  the  rainf  aU  and  run-off  along 
theoretical  lines  is  relatively  unimportant,   in 
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view  of  the  measured  records  of  Alameda  Creek 
at  the  Sunol  dam.  We  agree  with  Mr.  Williams, 
that  the  most  reliable  run-off  data  are  actual 
stream  measurements  in  the  basin,  and  we  will 
accept  with  him  the  Sunol  gagings.  (Pages  148 
and  160.*) 

The  only  purpose  of  a  theoretical  study  of  run- 
off data  of  Alameda  Creek  is  to  permit  the  dis- 
tribution of  the  amounts  measured  at  the  Sunol 
dam  to  the  various  portions  of  the  basin.  Four 
independent  distributions  of  this  measured 
Sunol  flow  have  been  made  for  Livermore  Val- 
ley: 

Mr.  Schussler's  from  personal  observation 36.4% 

Mr.  Williams'  report,  see  table  page  203 34.3% 

Mulholland  and  Lippincott    44.0% 

Mr.   Hermann    43.  % 

Mr.  Williams'  ratio  of  34.3%  is  accepted  here, 
and  a  mass  curve  has  been  made,  founded  on 
this  per  cent. 

There  is  no  valid  reason  that  we  see  for 
eliminating  the  first  year  of  observation  (1888-9) 
at  Sunol.  The  Sunol  mean  flow,  by  this  process, 
is  lowered  from  138  to  120  m.  g.  d.  (Page  157 
Williams'  report.)  This,  however,  does  not  af- 
fect results  for  the  critical  period. 

MASS   TABLE   BASED   ON  34.3%   OF   MEASURED 

FLOW  AT  SUNOL  DAM  AND  12  M.  G.  D.  EVAP- 
ORATION  LOSS   FROM  WET  LAND. 

M.  G. 

M.  G.               34.3%              evapor.  M.  G. 

Season                  at                 from              -|-  4380  total  for 

Sunol        PleasanI  on       per  year  Pleasanton 

1889-90           153,634          52,600          56,980  56,980 

1890-91             36,590          12,520          16,900  73,880 

1891-92             19,348            6,630          11,010  84,890 

1892-93            102,039           34,950          39,330  124,220 

1893-94             55,638           19,080          13,460  137,680 

1894-95              81,565          27,980          32,360  170,040 

1895-96             37,231          12,770          17,150  187,190 

1896-97              63,825          21,850          26,230  213,420 

1897-98               3,732            1,280            5,660  219,080 

1898-99              24,623            8,440          12,820  231,900 

1899-00              17,960            6,150          10,530  242,430 

1900-01              31,828          10,920          15,300  257,730 

1901-02             19,793            6,780          11,160  268,890 

1902-03              23,199            7,950          12,330  281,220 

1903-04             37,771          12,920          17,300  298,520 

1904-05              20,254            7,000          11,380  309,900 

1905-06              63,134          21,810          26,190  336,090 

1906-07            102,917          35,200          39,580  375,670 

1907-08              21,189            7,250          11,630  387,300 

1908-09              83,989          28,750           33.130  420,430 

1909-10             33,949           11,610           15,990  436,420 

1910-11  74,852  25,610  29,990  466,410 
Estimated  22  yr.  mean  flow  over  Sunol 

dam  from  Pleasanton 46.1  M.  G.  D. 

Estimated  evaporation  from  Pleasanton 
region   12.0       " 

Total  evaporation  and  stream  flow..  58.1       " 

*The  page  references  herein  made  relate  to  the  Cyril 
Williams,  Jr.,  report  on  Alameda  Creek  system  filed 
August  1.  1912,  in  San  FranciscO',  Cal.,  with  the  Advisory 
Board  of'  Army  Engineers,  a  copy  of  which  report  when 
originally  prepared  early  in  1912  was  furnished  the  Spring 
Valley  Water  Company. 


Note  an  evaporation  of  12  m.  g.  d.  is  here 
used,  though  we  believe  that  this  annual  loss  is 
higher  (17.311  m.  g.  d.),  because  in  handling  this 
storage  reservoir  in  the  gravels  it  may  not  be 
possible  to  prevent  all  this  loss. 

A  mass  curve  is  made  from  the  above  table, 
based  on  a  withdrawal  of  37.5  m.  g.  d.,  as 
given  in  our  report  of  February  2nd,  1912, 
as  the  available  supply  without  surface  reser- 
voirs. The  controlling  period  is  from  1897-8  to 
1905-6,  or  8  dry  years.  This  shows  a  storage 
necessary  to  meet  this  drought  of  17,000  m.  g. 
We  take  12.1%  of  the  total  volume,  as  the 
yield  from  the  gravel  reservoir,  as  deter- 
mined from  the  fall  of  the  water  plane  dur- 
ing the  100-day  period,  as  described  below, 
17,000  m.  g.,  divided  by  0.121  voids,  gives  140,- 
500  m.  g.  as  the  volume  of  gravels  to  be  drained 
to  meet  the  conditions  of  the  mass  curve,  of 
431,335  a.  f .  over  24  square  miles,  the  estimated 
total  area  of  the  gravel  reservoir.  This  would 
call  for  a  depth  of  28  feet.  To  this  28  feet 
should  be  added  the  8  feet  necessary  to  hold 
the  water  below  the  influence  of  the  surface 
evaporation,  or  36  feet  in  all  of  storage  to  se- 
cure the  flow  of  37V2  m.  g.  d.  These  figures  are 
modified  from  those  of  our  report  of  February 
2nd,  1912,  in  an  endeavor  to  accept  Mr.  Wil- 
liams data,  so  far  as  it  seems  tenable. 

The  discharge  from  the  north  side  of  the  val- 
ley, or  other  floods,  may  be  put  over  the  Sanol 
gravels,  and  these  may  be  more  vigorously  at- 
tacked, as  contemplated  in  our  former  report. 
It  is  also  possible  to  put  Positos  and  Cottonwood 
waters  on  the  gravels  of  the  Arroyo  Valle  on  the 
south  side  of  the  valley.  It  is  not  just  to  con- 
sider all  of  this  water  wasted,  as  Mr.  Williams 
does  on  page  188.  In  our  judgment  there  is  no 
coutiouous  clay  cap  over  the  Pleasanton  region. 
Mr.  Williams  states  that  it  has  "springs  and 
holes"  through  it,  and  the  water  comes  up 
through  it  (pages  254  and  260).  If  the  water 
will  come  up  through,  the  "clay  cap,"  when 
drained  below  it  would  admit  surface  water 
downward.  In  our  opinion  there  is  no  justifi- 
cation for  concluding  that  there  is  an  impervious 
barrier  between  the  north  and  south  sides  of  the 
valley  northwest  of  Pleasanton.  Our  observa- 
tions here,  and  elsewhere,  are  that  the  clay  and 
gravel  are  laid  down  in  irregular  masses,  or 
lenses,  that  are  not  continuous.  See  logs,  pag'es 
286  and  287,  of  closely  adjacent  wells.    We  con- 
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sider  the  Geological  Sections  given  by  Mr.  Wil- 
liams, on  line  N.  &  S.  4,  page  278,  and  B.  and  W. 
7,  page  272,  show  the  gravels  as  practically 
coming  to  the  surface  at  well  30-A.  Geological 
Section  N.  &  S.  3,  page  277,  indicates  that  there 
really  is  no  dyke  across  this  valley  between  wells 
93  and  63.  Also  see  "F"  line  of  wells,  page  285, 
and  "  H  "  line,  page  287,  which  show  sand  at  sur- 
face in  places.  Alkaline  waters,  crowding  in 
from  the  north,  would  show  their  characteristic, 
whether  they  were  in  motion  or  not.  Their  dif- 
ferent mineral  contents  may  show  a  separate 
origin,  but  not  a  different  destiny.  (Pages  365 
and  366.) 

Inflow  Into  the  Gravels. 

Mr.  Williams  has  extensivelj^  discussed  the 
capacity  of  a  certain  prism  drained  during  a 
100-day  period,  the  volume  of  which  is  com- 
puted from  the  observation  on  the  fall  in  a 
large  number  of  wells  distributed  throughout 
the  Livermore  Valley.  We  have  checked  and  ac- 
cepted the  volume  of  this  prism  of  22,000  m.  g., 
but  have  modified  the  amount  of  water  that  he 
estimates  as  withdravra.  from  it  during  the  100- 
day  period,  from  6%  to  12.1%,  for  reasons  stated 
in  the  discussion  of  "Outflow,"  below.  Bran- 
ner's  well  No.  96  (Williams'  No.  103  and  Tib- 
betts'  No.  37)  is  3300  feet  north  of  the  S.  P.  R'y, 
and  7500  feet  east  of  the  Santa  Rita  road,  and 
fairly  within  the  gravel  reservoir  of  the  valley. 
Mr.  Williams  states  that  this  is  a  typical  well, 
and  that  its  fluctuations  may  be  taken  as  a  gage 
to  the  volumes  in  the  gravel  reservoir.  He  stated 
(page  350)  "the  fall  of  4  feet  in  100  days  in 
well  No.  103  represents  a  loss  in  storage  avail- 
able at  Pleasanton  of  1270  m.  g."  For  reasons 
given  below,  we  increase  this  output  to  2659  m.  g. 
for  this  prism,  or  664  m.  g.  per  foot  of  fall  in 
the  v/ell.  If  the  fall  of  1  foot  represents  a  loss 
of  664  m.  g.,  a  rise  of  1  foot  would  represent  e 
gain  of  an  equal  amount.  Fortunately  we  have 
a  record  of  this  well,  covering  a  period  of  five 
years,  one  of  which  appears,  however,  to  be 
defective.  A  hydrograph  is  attached  showing 
this  record.  From  this  record  the  computed  in- 
flow into  the  gravel  is  shown  in  the  following 
table : 


INFLOW  INTO  THE  LIVERMORE  GRAVELS,  AS 
INDICATED  BY  THE  RISE  IN  WILLIAMS' 
WELL  NO.  103  (BRANNER  NO.  96  AND  TIB- 
BBTTS'  NO.  37)  BASED  ON  THE  VOLUME  OF 
WILLIAMS'  100-DAY  PRISM,  BUT  WITH  12.1% 
VOID  DRAINABLE. 

Est.  rate    Total         Total 
outflow    est.  out-    outflow 


Rise 

Indicated  Period  during 

flow  dur- 

and 

Season 

in 

inflow 

ot 

period 

ing  period  inflow 

feet. 

M.  G. 

Rise 

of  rise 

of  rise 

in  M.  G. 

days  M.  G.  D. 

M.  G. 

1905-6 

15.8 

10,491.2 

163 

26.593 

4334.8 

14,826.0 

*1906-7 

11.5 

7,536 

111 

26.593 

2951.9 

10,487.9 

1907-8 

No  : 

record 

1908-9 

16.2 

10,756.8 

243 

26.593 

6462.3 

17,219.1 

1909-10 

5.3 

3,519.2 

150 

26.593 

3988.9 

7,508.1 

1910-11 

18.1 

12,018.4 

135 

26.593 

3590.1 

15,608.5 

Est.  total  %  flow 

Equivalent               Seasons  sinking 

inflow                    runoff  into 

M.G.  D.                 M.  G.  D.  gravels 

40.6  71.9  56.5 

28.7  108.4  26.5 
47.1                       90.7  52. 

20.6  43.8  47. 

42.7  82.1  52. 

We,  therefore,  have  the  following  ratios  of 
run-off,  as  measured  at  Sunol,  to  inflows  as  in- 
dicated by  this  computation,  eliminating  the  sea- 
son of  1906-7,  which  we  believe  to  be  a  defective 
record : 

1905-6 56.6  per  cent. 

1908-9 52.0     "       " 

1909-10 47.       "       " 

1910-11 52.       "       " 

Mean 52. 

As  more  water  cannot  enter  gravels  that  are 
already  saturated,  we  consider  that  a  higher  per 
cent  would  have  entered  into  the  gravel  reser- 
voir if  it  had  been  depleted  by  more  extensive 
pumping  prior  to  these  flood  discharges,  and  if 
the  waters  had  been  artificially  spread  over 
larger  areas  than  the  natural  storm  channel  of 
the  creeks.  Also  the  effect  of  the  run-off  of  the 
N.  W.  portion  of  the  basin  would  have  little 
effect  on  this  well.  (Williams  No.  103.)  With 
one  exception  (1909-10)  these  were  years  of  high 
run-off,  and  that  one  exception  was  estimated  as 
a  (43.8 — 58.1)  75%  year.  If  we  assume  that 
the  above  52%  inflow  may,  by  spreading  and 
more  extensive  withdrawals,    be   increased    to 

*N'ote:  The  small  amount  of  water  sinking  into  the 
gravels  during  the  season  of  1906-07  is  readily  understood 
when  it  is  known  that  the  reservoir  was  already  full.  This 
is  shown  by  Williams'  hydrograph  on  page  353b  and  by 
Tibbetts'  hydrograph.  The  condition  of  high  water  table 
of  that  season  is  also  shown  by  other  wells  near  by.  Wil- 
liams' well  No.  77,  situated  a  short  distance  to  the  north 
of  103,  began  flowing  on  April  1st  of  1907  and  continued 
until  July. 
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65%,  and  taking  the  mean  product  of  the  basin 
as  given  on  the  mass  table  as  58.1  m.  g.  d.,  we 
have  as  a  possible  inflow  capacity  of  37.8  m.  g. 
d.,  which  is  as  much  as  the  amount  estimated 
upon  in  our  report  of  February  2nd,  1912. 

During  the  dry  year  of  1911-12  all  of  the 
water  of  the  Valle  and  Mocho  sank  into  the 
gravel  reservoir. 

MEASUREMENTS    OF    INFLOW    BY    T.    W.    ESPY 
FOR  THE  S.  V.  W.  CO.  ON  THE  ARROYO  VALLE 

CREEK  DURING  1912. 

First  point 
Length  ot  meas.  on 

Date  Upper    Lower  of  lArroyo  Valle 

1912  Meas-     Meas-        Channel  at  Clay 

ure  s.  f.       ure  Bridge 

Jan.  27     45.5  0  4,770'  

Mar.  13,  9  a.  m.  142.5  0  13,800'  

Mar.  13,  5  p.  m.  117.6  0  13,800'  

Mar.  14,  m.   . . .  87.8  0  14,800'  

Mar.  15 64.  0  14,800'  

Mar.  16,  6  a.  m.  83.  0  14,800'  

Mar.  16,  6  p.  m.  72.  0  14,800'  

Mar.  17  44.  0  14,800'  

Mar.  18 35.  0  12,550'  

ON  THE  MOCHO. 

Date                       Upper  Lower  Length  First  point 

1912                        Meas-  Meas-               of  of  measure 

ure  s.  f.  ure  lOhannel  Still  bridge 

Jan.    26,  5  p.  m.       7.5  0.4          4,320'  

Jan.    26,  9  p.  m.     11.4  0.            4.320'  

Jan.    27,  9  p.  m.       7.5  0.            4,320'  

Mar.  12,  7  p.  m.     49.0  0.            4,320'  

Mar.  12, 10  p.  m.     59.  0.            4,320'  

Mar.  13,  2  a.  m.     43.  0.            4,320'  

Mar.  13,  6  a.  m.     27.  0.            4,320'  

Mar.  13,  12  m..     19.3  0.  11,200'  

Mar.  13,  8  p.  m.     14.5  0.  11,200'  

Mar.  14,  7  a.  m.     11.4  0.  11,200'  

During  the  rains  the  waters  of  the  Tassajero 
Creek  discharged  into  drainage  ditches,  and  ran 
through  them  to  Laguna  Creek.  All  of  the  Valle 
and  Mocho  water  sank  into  the  gravels.  It  has 
been  suggested  that  the  muddy  storm  waters 
projected  for  a  long  period  onto  the  gravel  cones 
would  seal  them  with  silt,  so  that  they  would  be- 
come impervious.  This,  in  practice,  does  not 
occur.  On  Jan.  27,  1912,  we  personally  saw 
45  s.  f.  (29  m.  g.)  sinking  in  3000  feet  of  the 
channel  gravels  of  the  Arroyo  Valle.  We  laiow, 
from  the  continued  effective  use  of  the  Sunol 
gravels,  and  the  fluctuations  of  the  we  J  Is  in 
Livermore  Valley,  that  water  does  freely  enter 
the  gravels.  While  silt  is  deposited  in  the  streams 
by  absorption  into  the  gravels,  the  next  high 
flood,  by  rolling  and  shifting  the  gravels,  scours 
them,  and  washes  the  silt  on  to  lower  levels. 
Outflow  from  the  Gravels. 

Study  of  the  withdrawal  during  the  100-day 
period,  from  Williams  prism,  Oct.  1,  1911,  to 
Jan.  9,  1912 : 


Mr.  Williams  states  that  the  outflow 
from  this  prism  during  the  100-day 
period  was  (page  349)   12.709 

His  only  measurement,  made  on 
Laguna  Creek  at  Sunol  during  this 
period,  was  5,508,000  g.  p.  d.  on  Nov.  17, 
1911  (page  348).  This  was  in  the  mid- 
dle of  this  period.  Some  rains  fell  dur- 
ing the  100-day  period  that  confuses 
the  condition,  but  the  prevailing  flow 
of  the  Laguna  Creek  was  greater,  rather 
than  less,  than  the  above  amount,  as  in- 
dicated by  a  hydrograph  of  the  S.  V.  W. 
Co.  He  accepts  a  lower  measurement, 
made  Feb.  9,  1912,  31  days  after  the  100- 
day  period,  of  4,500,000  g.  p.  d.  (page 
348) .  From  his  measurements,  and  those 
of  the  S.  V.  W.  Co.,  we  believe  there  was 
a  mean  flow  in  Laguna  Creek  of  at  least 
5,508,000  g.  p.  d.  Therefore,  we  add  to 
Mr.  Williams '  estimate  of  outflow 1 .  008 

We  see  no  reason  for  making  any 
deduction  for  the  flow  of  the  Positas, 
on  the  theory  that  this  water  does  not 
enter  the  gravels  (page  348).  Atten- 
tion is  called  to  this  note  on  profile  of 
water  plans,  page  424,  which  shows  one 
point  where  the  gTavels  drain  into  the 
the  Positas. 


13.717 


Mr.  Williams  states  that  water  comes 
up  through  the  "clay  cap"  in  springs, 
and  is  drained  off  by  canals  (page  229). 
If  it  will  come  up,  it  will  also  go  down 
when  the  underground  reservoir  is 
drained.  Mr.  Williams  states  (page 
231)  :  "A  secondary  loss  is  that  which 
occurs  as  the  result  of  the  evaporation 
of  waters  forced  upward  locally  through 
lines  of  weakness  in  the  'clay  cap'." 
We  believe  there  are  numerous  openings 
of  this  nature,  and  of  substantial  area. 
In  June,  1912,  at  the  end  of  a  dry  winter, 
and  after  the  construction  of  drainage 
ditches,  and  the  operation  continuously 
of  the  pumps  of  the  S.  V.  W.  Co.,  there  is 
an  area  of  255  acres  N.  W.  of  Pleasanton 
which  is  saturated  to  the  surface. 

While  Mr.  Williams  refers  to  the  evap- 
oration losses  from  the  Valley  floor  (page 
231),  he  makes  no  allowance  for  them  in 
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his  estimated  outflow  from  the  valley. 
In  our  report  of  February  2,  1912,  from 
observations  of  the  vs^ater  plane  at  that 
time,  we  state  this  evaporation  loss  was 
12.028  m.  g.  d.,  using  round  figures,  12.0 
m.  g.  d.,  which  was  lower  than  actual 
computation. 

The  actual  computation  shows  (1.83'X 
640aX12  mi.H-3.07X365  days,  12.544m. 
g.  d.). 

Our  statement  at  that  time,  therefore, 
was  too  low  by  .516  m.  g.  d. 

m.g.d. 
12 . 544 

From  data  that  has  been  ob- 
tained since  the  writing  of  our 
report  (Feb.  2nd,  1912)  on  the 
evaporation  from  soils  in  Owens 
Valley,  owing  to  the  develop- 
ments of  plant  and  root  growth 
in  the  soil  in  the  pans,  we  find 
that  the  figures  then  used  were 
too  low  by  15%,  which  should 
here  be  added.  This  will  prob- 
ably increase  further 1 .  882 


m.g.d. 
13.717 


This  gives     14 .  426 

We  used,  on  Feb.  2nd,  1912, 
an  evaporation  as  a  basis  of 
comparison  from  a  water  sur- 
face in  Livermore  Valley  of 
40"  Mr.  Williams  states  (page 
439)  that  the  evaporation  losses 
in  this  region  are  48"  per 
annum,  or  20%  greater  than  we 
used.  Therefore  this  20%  should 
be  added:   14.426 X -20  equals. . .   2.885 


Therefore  the  total  annual 
evaporation  loss  from  the  12 
square  miles  should  be 17 .  311 

From  the  Owens  Valley  rec- 
ords we  find  the  ratio  of  evap- 
oration for  this  period  from  Oct. 
1  to  Jan.  9  is  72%  of  the  mean 
annual  rate,  so  that  72%  of 
17.311  m.  g.  d.  should  be  added 
to  the  surface  stream  flow  from 
the  valley  during  the  100-day 
period. 


On  page  231  Mr.  Williams 
states  that  water  is  escaping 
down  the  Sunol  Canyon,  and 
shows  an  inflow  to  the  Laguna 
Creek,  by  seepage  above  the 
Sunol  Bridge,  of  823,000  gal.  in 
21/2  mi.  of  the  canyon,  or  at  the 
rate  of  .33  m.  g.  d.  per  mile  of 
canyon.  On  page  558,  on  Nov. 
17,  1911,  he  finds  18.648  m.  g.  d. 
at  the  Sunol  Dam,  of  which 
17.649  m.  g.  d.  can  be  accounted 
for  from  measured  sources,  leav- 
ing 1.000  m.  g.  d.  to  be  ac- 
counted for  by  seepage  from  the 
Sunol  gravels  or  from  seepage 
into  Laguna  Creek.  The  distance 
along  the  creek  from  the  bridge 
to  the  dam  is  l^/i  mi.  If  the  rate 
of  increase,  due  to  underflow  into 
Laguna  Creek  continues  for  this 
11/4  mi.  we  have  .33  m.  g.  X  1-25 


.412 


12.464 


26,181 


26,593 

This  quantity  is  indefinite,  but  there  is  no 
reason  to  believe  that  this  increase  stops  at  the 
last  point  of  measurement  on  Laguna  Creek 
at  the  Sunol  Bridge  with  a  bed  rock  dam  1^4  mi. 
below  and  a  large  bed  of  gravel  intervening. 
AVe,  therefore,  have  a  total  estimated  outflow 
from  the  entire  Pleasanton  region  of  26.593 
m.  g.  d.,  as  compared  to  Mr.  Williams'  12.709,  or 
an  increase  of  109%. 

Mr.  Williams  finds  that  the  voids  drained  in 
his  prism  amount  to  about  6%  when  he 
used  an  outflow,  of  12.709  m.  g.  d.  By  using 
our  revised  outflow  flgures  of  26.593  m.  g.  d.  for 
the  100-day  period,  this  is  increased  to  (2659.3 
m.  g.-^22,000  m.  g.)  12.1%.  This  12.1%  we  con- 
sider too  low,  but  it  is  used  in  this  argument. 

Mr.  Williams  states  that  40%  of  the  valley 
fill  is  gravel,  and  that  but  15%  of  this  gravel 
is  available  storage,  thus  obtaining  the  6%.  This 
6%  we  consider  obviously  too  low  a  figure,  and 
it  does  not  accord  with  his  determination  of  voids 
given  on  page  378.  It  is  our  opinion  that  the 
voids  in  sands  and  gravel  are  35%,  and  we  have 
used  35%  in  our  report  which  agrees  with  the 
per  cent  of  voids  determined  by  Mr.  Espy,  and 
given  in  the  table  attached. 

Accepting  the  volume  of  the  Williams  prism 
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as  22,000  m.  g.  (page  349)  the  volume  of  water 
withdrawn  as  (26.593  m.  g.  d.  X  100  days) 
2659.3  m.  g.,  we  have  12.1%  of  the  mass  drained. 
This  is  71%  of  the  figure  which  we  would  apply 
from  our  report  of  Feb.  2d,  1912.  It  is  probable 
that  the  denser  material  is  not  as  freely  drained 
as  the  gravels,  and  probably  these  denser  mate- 
rials have  not  fully  yielded  their  water  during 
the  100-day  period.  Also  some  of  the  wells  used 
to  show  the  100-day  drop  in  the  prism  we  believe 
to  be  affected  by  local  pumping:  e.g.  his  No.  185. 

For  the  sake  of  the  discussion  we  will  accept 
12.1%  of  the  gravel  reservoir  as  voidable,  though 
we  believe  it  too  low.  This  is  the  per  cent  of 
water  estimated  to  have  been  drawn  from  the 
prism  as  defined  by  Mr.  "Williams  in  the  100-day 
interval. 

Mr.  Espy,  for  the  Spring  Valley  Water  Com- 
pany, made  a  determination  of  voids  in  the  vari- 
ous soils  of  the  Livermore  Valley,  as  given  in  the 
following  table.  This  was  done  by  pouring  the 
soil  into  the  water  and  then  shaking,  instead  of 
trying  to  pour  water  into  the  soil. 

Voids  in  the  Soils  of  Livermore  Valley. 


Class 

of 

soil 

Mocno 
gravelly 
sandy 
loam 


Sample 

taken 

near 

contact 

with : 

Mg 

Mg 

Liverm.  Loam 

Lg 


Sample 
No. 

9 

39 

3 

27 


%  Voids 


34.0 
38.7 
46.1 
26.4 


30.0 
35.5 
35.9 
26.4 


Av.  % 


34.1 


273.0 

Mocho 

54.0 

silty  fine 

LI 

15 

45.0 

sandy  loam 

— 

— 

4 

99.0 

Livermore 

27.5 

25.9 

gravelly 

Lg 

10 

15.5 

15.2 

sandy  loam 

11 

18.7 

18.1 

31 

23.3 

22.5 

32 

27.6 

27.9 

36 

24.2 

25.8 

43 

27.5 

26.6 

44 

30.4 

31.7 

45 

29.6 

27.9 

47 

30.6 

27.2 

^ 

48 

31.0 

29.5 

Lf 

5 

44.4 

46.7 

PI 

2 

29.6 

24.0 

PI 

6 

28.4 

27.3 

764.6 

49.5 


Livermore 
fine 
sandy  loam 

Lf 
LI 

Lf 

Lg 
LI 

PI 

SI 

LI 
LI 

Villi  ams' 

40 
41 

13 

42 
28 
29 
30 
38 

1 

7 

8 

33 

14 
37 

35 
46 

34 

dete 

37.9     34.2 
38.7     37.9 

148.7 

Livermore 
sllty  fine 
sandy  loam 

38.7 
45.0 

83.7 

Livermore 
loam 

41.2  40.0 
30.9     32.6 

32.3  32.8 
29.3     30.2 
42.6     40.0 

351.9 

Pleasanton 
loam 

36.8 

36.7 

33.0     34.3 

29.2 

170.0 

Santa  Rita 
loam 

44.6     49.1 
37.0     35.4 

166.1 

Livermore 
clay 

34.6     47.9 
33.6     30.8 

146.9 

Ulmar 
loam 

See    also   ^ 
page  378. 

Conclusions. 

36.4     43.3 

79.7 
rmination   o: 

37.2 


41.6 


35.2 


34.0 


41.5 


36.7 


38.8 


From  the  further  consideration  of  the  avail- 
able water  supply  of  the  Livermore  gravels,  and 
the  study  of  the  additional  data  furnished  us 
by  you,  we  see  no  reason  for  the  modification  of 
our  report  of  Feb.  2nd,  1912,  which  was  that 
"without  the  construction  of  the  Arroyo  Valle 
reservoir,  from  35  to  40  m.  g.  d.  continuous  flow 
can  be  developed  from  the  gravel  beds  of  Liver- 
more Valley.  With  the  Arroj'o  Valle  Keservoir 
this  amount  may  be  made  to  closely  approximate 
the  full  mean  annual  water  crop  of  the  drainage 
basin,  estimated  at  51.5  m.  g.  d." 
Very  respectfully, 

WM.  MULHOLLAND. 
J.  B.  LIPPINCOTT. 
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MAP 
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REPORT  OF  THE  GEOLOGY  OF  LIVERMORE  VALLEY 


BY 


De.  J.  C.  Branner, 
Vice-President  of  Stanford  University  and  in  charge  of  the  Department  of  Geology. 


Stanford  University,  Calif. 

December  1,  1911. 
Spring  Valley  Water  Company,  San  Francisco, 

Calif. 
Gentlemen : 

I  beg  to  submit  the  following  report  upon 
the  underground  water  conditions  of  the  Liver- 
more  Valley. 

Work  Done. 

A  few  years  ago  I  had  my  assistants  work  out 
the  general  geology  of  the  entire  area  covered  by 
the  Pleasanton  and  Tesla  sheets  of  the  U.  S.  Geo- 
logical Survey,  in  which  the  Livermore  Valley 
lies. 

During  the  past  two  and  a  half  months  I 
have  had  two  assistants  at  work  on  the  Liver- 
more  Valley  and  the  surrounding  region,  and 
I  have  myself  also  gone  over  the  valley  and 
the  geology  around  its  margins. 

I  have  received  from  the  office  of  the  Spring 
Valley  Water  Company  157  records  or  logs  of 
wells  about  Pleasanton  and  within  the  Liver- 
more  Valley. 

Other  logs  to  the  number  of  54  have  been 
collected  by  Mr.  Hook,  under  my  direction, 
along  the  northern  margin  of  the  valley,  and 
in  the  vicinity  of  Livermore. 

The  general  geology  of  the  region  surround- 
ing the  valley  has  also  been  worked  out,  not 
only  on  the  Pleasanton  sheet,  but  on  the  topo- 
graphic sheets  east  and  south  of  it.  Upon  the 
data  thus  collected  the  conclusions  given  below 
are  based. 

The  Wells  in  the  Valley. 

The  total  area  of  the  flat-floored  part  of  the 
Livermore    Valley    is    about    58    square    miles. 


Within  this  area,  but  very  irregularly  scattered 
over  it,  I  have  the  logs  of  211  wells.  These  wells 
average  82.7  feet  in  depth.  The  deepest  ones  in 
the  filled-in  materials  are  in  the  town  of  Liver- 
more (212')  ;  another  near  the  race  track  west 
of  Pleasanton  has  a  depth  of  21i  feet.  The  deep- 
est of  all  is  just  south  of  Pleasanton  and  has  a 
depth  of  275  feet,  but  this  is  probably  mostly  in 
the  older  gravels. 

Geology  of  the  Wells. 

All  of  the  logs  of  wells  have  been  platted  to 
scale  in  the  hope  that  they  would  throw  light 
upon  the  underground  water  conditions  in  the 
valley. 

In  some  places  where  the  wells  are  close 
together,  as  they  are  in  the  southwest  end  of 
the  valley,  at  and  near  the  pumping  station, 
the  records  show  the  geology  very  well  to  the 
depth  penetrated,  and  the  layers  or  beds  of 
gravel,  sand,  and  clay  can  be  readily  identi- 
fied from  one  well  to  another. 

In  that  part  of  the  valley  lying  south  of 
Arroyo  del  Valle  and  southwest  of  the  race 
track  and  town  of  Pleasanton  there  are  rec- 
ords enough  to  show  the  geology  to  a  depth  of 
about  100  feet,  but  over  the  rest  of  the  valley 
the  wells  are  generally  too  far  apart  to  do 
more  than  suggest  the  general  character  of  the 
geology. 

The  materials  penetrated  by  the  wells  are  com- 
posed of  the  soils,  clays,  sands,  and  gravels 
that  have  been  washed  into  the  valley  from  the 
surrounding  hills.  The  clays  have  the  widest 
distribution  and  the  greatest  thickness;  the 
sands  are  next  in  abundance ;  and  the  gravels 
are  least  abundant  throughout  the  entire  val- 
ley. These  materials  vary  greatly  in  thickness, 
and  alternate  with  each  other  variously. 
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Inasmuch  as  the  gravels  form  the  principal 
water-bearing  strata  they  are  of  especial  in- 
terest and  importance.  The  sands  and  clays 
are  light  enough  to  be  moved  by  water  having 
a  low  velocity,  but  the  gravels  are  so  heavy 
that  they  could  be  moved  only  by  streams  hav- 
ing strong  currents. 

The  pockety  or  uneven  distribution  of  the 
gravels  also  suggests  that  they  have  been  car- 
ried to  their  present  resting  places  by  streams. 

All  the  available  data  go  to  show  that  there 
is  no  single  widespread  water-bearing  gravel 
bed  beneath  the  valley  floor.  The  water-bear- 
ing beds  are  lenticular,  and  more  or  less  ir- 
regular, though  they  appear  to  follow  the  lines 
of  the  ancient  and  shifting  drainage  as  if  it 
had  swung  from  one  part  of  the  valley  to  an- 
other. 

Origin  of  the  Material  Filling 
the  Valley. 

The  materials  that  fill  the  valley  have  been 
washed  down  from  the  higher  ground  surround- 
ing it.  This  is  suggested  by  the  drainage,  but  it 
is  fully  borne  out  by  the  geology  of  the  region 
from  which  the  streams  come.  The  greater 
part  of  the  area  draining  into  the  valley  lies 
to  the  east  and  southeast  of  the  main  valley. 

Some  of  these  streams  go  completely  dry  dur- 
ing the  summer,  but  in  the  rainy  season  great 
floods  pour  out  of  the  surrounding  mountains 
and  sweep  into  the  valley  enormous  quantities 
of  sands,  gravels,  and  cobble  stones. 

The  heaviest  of  these  materials  lodge  around 
the  margins  of  the  valley  where  the  streams 
debouch  on  the  flat  valley  floor,  but  some  of 
the  heavy  gravels  are  swept  along  the  entire 
length  of  the  stream  channels,  while  the  muddy 
waters  spread  over  most  of  the  valley  and  make 
the  widespread  deposits  of  finer  silts. 

Distribution  of  Rainfall. 

The  peculiar  seasonal  distribution  of  rain- 
fall in  this  region  strongly  accents,  and  is 
indeed  a  most  important  factor  in,  this  wide 
distribution  of  the  coarse  materials  over 
the  floor  of  the  valley.  The  great  vol- 
ume and  velocity  of  the  streams,  espe- 
cially of  the  Mocho,  and  of  the  Arroyo  del 
Valle,  which  together  drain  a  mountainous  area 
of  something  more  than  215  square  miles  where 
the  streams  head  above  an  elevation  of  3000 


feet,  enables  them  during  flood  time  to  sweep 
down  and  out,  not  only  the  sands  and  gravels, 
but  even  large  boulders  and  in  large  quantities. 
This  arrangement  of  the  materials  also  en- 
ables the  waters  that  flow  into  the  valley  at 
other  seasons  of  the  year  to  sink  promptly  into 
the  coarse  gravels  where  they  enter  the  valley 
region,  and  to  gradually  move  toward  the  low- 
est part  of  the  valley. 

Faults  Across  the  West  End  of 
the  Valley. 

The  structural  features  of  the  geology  of  the 
region  around  the  Livermore  Valley  have  been 
worked  out,  and  inasmuch  as  these  features  have 
an  important  bearing  upon  the  amount  of  water 
naturally  stored  in  the  valley  they  are  given 
here  briefly. 

A  large  fault  crosses  the  west  end  of  the 
Livermore  Valley,  running  approximately  from 
Verona  to  and  past  the  village  of  Dublin.  This 
fault  I  have  called  the  Calaveras  fault;  it  is 
only  a  small  part  of  a  great  fault  that  extends 
for  many  miles  to  the  northwest  and  the  south- 
east. It  is  shown  on  the  accompanying  map  by 
a  broad  broken  line.  There  is  another  fault  in 
the  hills  north  of  Sunol  station,  which  fault 
follows  the  Sinbad  Canyon  toward  the  north- 
west and  is  here  called  the  Sinbad  fault.  Still 
another  fault  that  I  have  called  the  Stonybrook 
fault  follows  Stonybrook  Canyon  along  part  of 
its  course.  The  positions  of  portions  of  these 
faults  are  indicated  approximately  on  the  ac- 
companying map.  All  three  of  these  faults 
have  their  downthrow  on  the  east.  The  total 
displacement  along  the  main  fault  cannot  be 
stated  exactly  at  present,  but  it  is  probably  in 
the  neighbrood  of  2000  feet ;  it  is  certainly  more 
than  1000  feet. 

This  faulting  has  let  down  the  valley  region 
east  of  the  Pleasanton  Ridge  so  that  parts  of 
the  sand  and  gravel  beds  that  are  exposed 
about  the  east  end  of  the  Livermore  Valley  and 
in  the  hills  southeast  of  Pleasanton,  have  been 
let  down  until  they  are  carried  well  below  the 
present  valley  floor.  The  general  geologic 
structure  of  the  valley  and  the  hills  to  the  west 
and  to  the  southeast  is  shown  approximately 
in  the  accompanying  section.  (Fig.  1.)  The 
location  of  the  great  fault  along  the  east  face 
of  Pleasanton  Ridge  leads  to  the  assumption 
that  the  deepest  part  of  the  materials  deposited 
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in  the  valley  is  along  the  eastern  base  of  Pleas- 
anton  Eidge. 

The  Rock  Rim  of  the  Water  Basin. 

In  order  to  determine  the  relations  of  the 
gravels  in  the  valley  east  of  the  faults  to 
the  rock  rim  exposed  in  the  Niles  Canyon, 
a  line  of  levels  was  run  along  the  bed 
of  Lagima  Creek  from  the  Sunol  dam  up 
to  the  pumping  station  near  Pleasanton, 
and  was  connected  with  several  of  the  wells 
put  down  in  the  valley  as  far  east  as  the  town 
of  Livermore.  The  profile  accompanies  this  re- 
port and  is  marked  A-B-C.  On  it  are  placed, 
to  the  same  vertical  scale,  the  80'  piles  driven 
into  gravels  in  the  bed  of  the  creek  at  the  West- 
ern Pacific  railway  bridge  over  Laguna  Creek, 
and  a  few  well  records  near  Pleasanton.  These 
piles  and  well  records  show  that  the  gravels 
east  of  the  Sunol  dam  have  been  let  down  far 
below  the  level  of  the  rock  rim  of  the  valley 
in  Niles  Canyon.  Just  how  much  lower  these 
gravels  go  it  is  not  possible  to  say  at  present. 

Effect  of  the  Faulting  upon 
the  Storage  Capacity 
of  Livermore  Valley. 

The  downthrow  of  the  region  east  of  these 
faults  has  produced  an  unusual  effect  upon  the 
water-storing  capacity  of  the  valley. 

Under  ordinary  circumstances  such  a  valley 
has  a  hard  rock  floor  underlying  a  limited 
amount  of  water-bearing  materials,  and  this 
rock  floor  usually  slopes  gently  toward  an  out- 
let through  which  surface  streams  flow  and  the 
underground  waters  tend  to  drain. 

In  the  present  instance  the  rock  floor  has  been 
lowered  behind,  or  to  the  east  of,  the  faults 
that  converge  near  Sunol,  thus  deepening  the 
valley  itself,  while  the  streams  have  continued 
to  fill  up  this  depression  with  sands,  gravels, 
and  clays  washed  down  from  the  mountains. 
Most  of  the  wells  in  the  valley  end  in  the 
gravels  wells  above  the  level  of  the  rock  rim; 
in  only  a  few  cases  do  the  wells  go  lower  than 
that  rim. 

It  seems  evident  therefore  that  the  water- 
storing  capacity  of  the  valley  is  much  greater 
than  it  would  be  under  ordinary  circumstances. 
How  much  greater  cannot  be  positively  stated 
at  present,  for  none  of  the  wells,  not  even  the 
deepest  of  them,  have  entered  the  rock  floor 
of  the  valley. 


Facts  about  Older  or  Pliocene 
Gravels. 

The  high  gravels  that  rise  into  and  form  the 
hills  south  and  southeast  of  Pleasanton  are  here 
spoken  of  as  Pliocene,  but  no  fossils  have  yet 
been  found  in  them  that  make  it  possible  to 
know  their  age  with  certainty.  It  is  also  as- 
sumed that  these  gravels  are  of  fresh  water  or- 
igin, though  for  lack  of  fossils  this  also  is  still 
somewhat  doubtful. 

The  facts  about  these  older  gravels  of  chief 
importance  in  the  present  connection  are : 

First,  they  are  made  up  of  a  series  of  water- 
laid  sands,  gravels,  and  clays. 

Second,  the  materials  are  mostly  coarse. 

Third,  the  general  dip  of  the  beds  is  toward 
the  Livermore  Valley,  except  in  the  case 
of  beds  around  Vallecitos  and  La  Costa 
valleys. 

Fourth,  they  have  a  great  thickness.  The  exact 
thickness  cannot  now  be  given,  but  it  is 
more  than  a  thousand  feet. 

Fifth,  they  cover  an  area  of  47  square  miles, 
though  it  is  probable  that  about  15  square 
miles  of  these  beds  drain  into  the  Sunol 
Valley. 

Relation  of  the  Older  Gravels 
to  the  Water. 

The  character  of  the  old  gravels  is  such  as  to 
lead  to  the  belief  that,  in  those  parts  of  the 
Livermore  Valley  where  they  dip  beneath  the 
later  deposits  that  cover  the  valley  floor,  they 
form  a  large  natural  reservoir  filled  with  water, 
and  extending  below  the  level  of  the  valley. 

Out  of  the  211  wells  put  down  in  the  valley, 
the  deepest  has  a  depth  of  only  214  feet.  Evi- 
dently this  does  not  nearly  reach  the  older  grav- 
els, to  say  nothing  of  penetrating  their  great 
thickness. 

No  Outlet  by  Way  of  San  Ramon. 

It  has  been  suggested  that  there  may  be  an 
underground  outlet  for  the  waters  of  the  Liver- 
more Valley  northward  through  the  San  Ramon 
Valley. 

The  contour  of  the  present  surface  and  the 
relations  of  that  surface  to  the  outlet  through 
the  Niles  Canyon  make  such  a  theory  untenable. 
The  Niles  Canyon  through  which  the  waters  es- 
cape from  the  Livermore  Valley  has  been  cut 


208 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


down  by  the  stream  that  flows  through  it  just 
as  f^st  as  the  fault  has  lifted  the  rocks  across 
its  bed.  The  direction  of  the  stream  was 
originally  determined  by  the  slope  of  the  so- 
called  Pliocene  gravels,  and  it  has  been  flowing 
there  ever  since  Pliocene  times. 

Moreover  a  cross  fault  that  passes  into  and 
under  the  Livermore  Valley  from  the  moun- 
cains  southwest  of  Dublin  suggests  that  even  the 
underground  waters  are  turned  southward, 
rather  than  northward. 

Conclusions  as  to  Geology  and 
Water  Bearing  Beds  of 
Livermore  Valley. 

1.  The  Livermore  Valley  is  underlain  by 
water-bearing  beds  to  a  depth  that  has  not  been 
penetrated  by  any  of  the  wells  put  down. 

2.  There  is  no  single  water-bearing  stratum, 
but  there  are  many  water-bearing  beds  of  sands 
and  gravels  that  are  irregular  in  thickness  and 
form. 

3.  Around  the  margins  of  the  valley,  and  es- 
pecially about  the  east  and  southeast  sides 
whence  most  of  the  waters  come,  the  materials 
deposited  by  the  streams  are  coarse,  and  the 
water  sinks  into  these  beds  promptly. 

4.  The  up  stream  ends  of  these  beds  of 
coarse  materials  form  the  intake  for  the  sur- 
face waters. 

5.  The  old  river  channels  and  the  beds  of 
gravels  and  sands  form  irregular  underground 
channels  along  which  the  waters  pass. 

6.  The  underground  waters  pass  slowly 
toward  the  outlet  of  the  valley,  though,  owing 
to  the  nature  of  the  beds  through  which  they 
move,  their  courses  and  velocities  may  vary 
considerably  by  the  way. 

7.  The  groups  of  wells  of  the  Spring  Valley 
Water  Company  near  the  lower  end  of  the 
valley  are  so  located  as  to  get  much  of  this 
underground  water  from  the  shallower  beds, 
but  from  the  structure  and  history  of  the  val- 
ley,  it   appears   that   the   supply   available   is 


much   larger   than  that   which   is  now   being 
taken  out. 

8.  The  water-storing  capacity  of  the  Liver- 
more Valley  is  enormously  larger  than  would 
be  formed  under  ordinary  climatic  and  geo- 
logic conditions. 

9.  The  unusual  depth  of  the  water-bearing 
beds  in  the  valley  is  due  to  their  having  been 
let  far  down  behind  the  edge  of  the  rock  basin 
that  forms  the  lip  or  outlet  of  the  valley  in 
the  Niles  Canyon. 

10.  The  water-storing  capacity  of  the  val- 
ley is  further  increased  by  the  concentration 
of  rainfall  in  this  region.  This  concentration 
of  the  rainfall  makes  the  creeks  very  large 
when  they  are  running,  while  the  steep  grades 
of  the  mountain  streams  enable  them  to  carry 
down  and  spread  widely  over  the  valley  floor 
unusually  coarse  materials.  Into  these  coarse 
materials  the  water  from  the  streams  sinks  dur- 
ing the  whole  year. 

11.  The  group  of  faults  across  the  west 
end  of  the  valley  shuts  in  all  of  the  water 
below  the  level  of  the  rock  floor  at  the  Sunol 
dam  of  the  Spring  Valley  Water  Company. 

12.  The  older  gravels  that  underlie  the 
large  part  of  the  valley  still  further  increase 
the  underground  storage  capacity  of  the  basin. 

13.  There  is  here  a  great  natural  reservoir 
of  unknown  dimensions  which  can  be  drawn 
upon  in  case  of  emergency  with  the  assurance 
that  the  water  will  be  restored  in  seasons  of 
heavy  rainfall. 

14.  I  know  of  no  reason  for  supposing  that 
water  is  escaping  northward  from  the  Liver- 
more Valley  basin  by  way  of  the  San  Ramon 
Valley. 

15.  It  is  quite  possible  that  further  geologic 
studies  may  develop  the  fact  that  deep  arte- 
sian wells  may  be  found  by  sinking  into  the 
older  gravels  near  the  foot  of  the  hills  east  of 
Pleasanton. 

Yours  truly, 

J.    C.    BRANNBR, 
Consulting  Geologist. 
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Stanford  University,  California. 

May  6,  1912. 

Spring  Valley  Water  Company,  San  Francisco, 
Cal. 

Gentlemen : 

Since  my  preliminary  report  made  to  you 
December  1,  1911,  upon  the  underground  water 
conditions  of  the  Livermore  Valley,  I  have 
done,  and  have  had  done  under  my  own  direc- 
tion, a  good  deal  of  field  work  on  the  geology 
of  the  region  with  a  view  to  testing  out  the 
statements  made  by  me  in  that  report,  and  to 
the  further  comprehension  of  the  geology  of 
the  Livermore  and  Sunol  valleys,  with  especial 
reference  to  underground  water. 

Work  Done. 

Several  years  ago  the  general  geology  of 
the  area  covered  by  the  Pleasanton,  Tesla, 
Mt.  Hamilton,  and  San  Jose  topographic 
sheets  of  the  U.  S.  Geological  Survey  was 
worked  out  by  me  and  by  my  colleagues  and 
assistants  in  the  department  of  geology  of  Stan- 
ford University.  During  the  last  seven  months 
especial  attention  has  been  given  to  the  study 
of  the  geology  of  the  Tesla  and  Pleasanton 
areas  with  reference  to  the  underground  water 
conditions  in  the  Livermore  and  Sunol  valleys. 
In  this  work  I  have  had  the  help  of  two  as- 
sistants in  the  field  as  it  was  required  in  addi- 
tion to  the  co-operation  of  the  engineers  of  the 
Company  in  running  lines  of  levels,  the  collec- 
tion of  data,  drafting,  etc. 


I  have  received  from  the  Company's  office 
157  logs  of  wells  put  down  about  Pleasanton, 
and  more  than  fifty  additional  logs  have  been 
collected  in  the  vicinity  of  the  town  of  Liver- 
more and  along  the  northern  margin  of  the 
Livermore  valley. 

All  of  these  data  have  been  taken  into  con- 
sideration in  reaching  the  conclusions  here  pre- 
sented. 

Wells  in  the  Livermore  Valley. 

The  total  area  of  the  flat  floored  part  of  the 
Livermore  Valley  is  about  58  square  miles  With- 
in this  area,  but  scattered  irregularly  over  it, 
more  than  200  wells  have  been  put  down ;  of  these 
wells  I  have  the  logs  of  211.  They  average  82.7 
feet  in  depth.  Of  the  three  deepest  one  of  212 
feet  is  in  the  town  of  Livermore ;  another  of  214 
feet  is  near  the  race-track  just  west  of  Pleas- 
anton ;  a  third,  just  south  of  Pleasanton,  is  275 
feet,  deep. 

A  remarkable  fact  in  regard  to  these  wells 
is  that  they  are  all  in  loose  materials  of  one 
kind  or  another,  not  one  of  them  having 
reached  the  hard  rock  floor  of  the  valley. 

Deductions  from  the  Well  Records. 

The  logs  of  all  the  wells  have  been  platted  to 
scale  in  the  hope  that  they  would  throw  much 
light  upon  the  underground  water  conditions 
within  the  valley.  In  the  southwest  end  of  the 
valley  near  the  pumping  station,  where  the  wells 
are  close  together,  the  logs  show  the  underground 
geology  well  to  the  depth  penetrated,  and  the 
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beds  of  gravel,  sand,  and  clay  can  readily  be 
identified  from  one  well  to  another. 

In  the  part  of  the  valley  lying  south  of  Ar- 
royo del  Valle  and  southwest  of  the  Pleasan- 
ton  race-track  there  are  records  enough  to 
show  the  geology  to  a  depth  of  one  hundred 
feet;  but  over  the  rest  of  the  Livermore  Val- 
ley the  wells  are  too  far  apart  to  do  more  than 
to  suggest  the  general  character  of  the  geology. 
The  logs  of  the  wells  show  that  the  materials 
penetrated  are  soils,  clays,  sands,  and  gravels. 
The  characters  of  these  materials  show  that 
they  have  been  washed  into  the  valley  from 
the  surrounding  hills  and  mountains. 

The  clays  have  the  widest  distribution  and 
the  greatest  thickness;  the  sands  are  second  in 
abundance  and  thickness;  while  the  gravels 
are  least  abundant  throughout  the  valley  as  a 
whole,  and  the  gravel  beds  are  less  constant  in 
thickness  and  have  a  smaller  areal  distribution 
than  the  other  materials. 

All  of  these  materials  vary  greatly  in  thick- 
ness and  alternate  with  each  other  irregularly. 

The  sands  and  clays  are  light  enough  to  be 
moved  by  water  having  a  low  velocity,  but  the 
coarse  gravels  are  so  heavy  that  they  could  be 
moved  only  by  streams  having  strong  currents. 
And,  as,  in  this  series  of  deposits,  the  gravels 
form  the  principal  water-bearing  strata,  they 
are  of  especial  interest  and  importance  in  con- 
nection with  the  present  report. 

All  of  the  available  data  go  to  show  that 
there  is  no  single  widespread  water-bearing 
gravel  bed  beneath  the  valley  floor.  The  water- 
bearing beds  are  more  or  less  lenticular  in  form 
and  more  or  less  irregular  in  width,  thickness, 
and  direction.  They  appear  to  follow  the  an- 
cient shifting  stream  courses  as  they  swung 
from  one  part  of  the  valley  to  another. 

Origin  of  the  Materials  Filling 
the  Valley. 

The  materials  that  fill  the  valley  basin  have 
been  washed  down  from  the  higher  ground  sur- 
rounding it.  Most  of  the  coarse  materials  have 
come,  either  directly  or  indirectly,  from  the  high 
mountainous  region  around  the  head  waters  of 
the  Mocho  and  Arroyo  del  Valle  whose  drain- 
age basins  lie  to  the  east  and  southeast  of  the 
main  valley.  Much  of  it  has  come  from  an  old 
series  of  gravels  that  form  the  high  hills  imme- 
diately south  of  Pleasanton  and  Livermore. 


The  geographical  and  geological  conditions 
under  which  the  gravels  accumulated  have  had 
such  an  important  influence  upon  the  character 
of  the  deposits  themselves,  and  upon  their 
water-bearing  capacity,  that  it  is  important  to 
consider  in  this  connection  what  those  condi- 
tions have  been,  and  in  what  way  they  have 
affected  the  gravels  and  other  water-bearing 
beds  of  the  Livermore  Valley. 

Distribution  of  the  Rainfall. 

The  peculiar  seasonal  distribution  of  the  rain- 
fall in  this  region  accents  in  a  remarkable  man- 
ner, and  is  indeed  an  important  factor  in,  the 
wide  distribution  of  the  coarse  materials  over  the 
floor  of  the  Livermore  Valley.  Without  going 
into  details  it  is  only  necessary  to  call  attention 
to  the  well-known  fact  that  the  rainfall  in  the 
region  under  consideration  is  usually  concen- 
trated into  three  or  four  months  of  the  year. 

The  Mocho  and  Arroyo  del  Valle  drain  an 
area  of  something  more  than  215  square  miles, 
and  these  streams  head  in  mountains  more  than 
3000  feet  high.  (See  map,  page  202a.)  The 
result  of  this  combination  of  a  concentrated 
rainfall  and  a  steep  mountainous  topography  is 
that  the  weak  streams  of  the  dry  summer  and 
fall  months  are  commonly  swollen  to  powerful 
mountain  torrents  during  the  rainy  season. 

The  Conditions  During  the 
Glacial  Epoch. 

The  concentration  of  the  run-off  was  further 
emphasized  during  the  glacial  epoch  by  the  geo- 
graphic conditions  of  that  period.  At  that  time 
the  Mt.  Hamilton  range,  and  the  entire  area 
of  the  state  stood  at  a  much  greater  elevation, 
and  the  winter  precipitation  in  the  high  moun- 
tains around  the  Livermore  Valley  was  largely 
in  the  form  of  snow.  In  the  spring  the  snows 
must  have  gone  off  rapidly  with  the  early 
spring  rains,  so  that  the  streams  were  very 
much  larger  during  the  glacial  epoch  than  they 
are  now  when  there  is  much  less  snow  on  these 
particular  mountains  than  formerly. 

Effect  of  the  Concentrated  Run-off 
on  the  Water-Bearing  Gravels. 

The  great  increase  in  volume  and  velocity  of 
the  streams,  both  during  the  glacial  epoch  and 
since  then,  has  enabled  them  to  sweep  down  into 
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the  valley  enormous  quantities  of  the  loose  and 
coarse  materials  picked  up  along  their  channels. 
On  reaching  the  edges  of  the  flat  valley,  the 
velocity  of  the  streams  is  cheeked  and  the 
heaviest  of  these  materials  are  dropped,  but 
even  the  heavy  gravels  and  coarse  sands  are 
carried  far  down  the  streams  and  spread  over 
the  valley  floor.  This  arrangement  of  the  loose 
materials  with  the  coarser  portions  around  the 
margin  of  the  valley  is  highly  favorable  for 
receiving  and  retaining  water.  At  all  seasons 
of  the  year  the  waters  flowing  into  the  valley 
sink  promptly  into  these  coarse  beds  as  soon 
as  they  enter  the  flat  region  and  move  slowly 
toward  the  lowest  part  of  the  valley.  The  fact 
that  this  process  has  been  in  operation  since 
the  early  part  of  the  glacial  epoch  suggests  a 
great  thickness  and  a  wide  distribution  of  the 
coarse  water-bearing  beds  in  the  Livermore 
Valley. 

Fault  Across  the  West  End  of 
the  Valley. 

The  geologic  structure  of  the  region  around 
the  Livermore  Valley  has  been  worked  out,  and 
such  of  those  features  as  bear  upon  the  water- 
bearing deposits  of  the  valley  are  here  given 
briefly. 

The  sequence  of  the  rocks,  their  structure, 
and  their  relations  to  each  other  show  that  a 
great  vertical  fault  or  displacement  of  the 
rocks  passes  across  the  region  under  considera- 
tion. It  is  not  meant  that  the  fault  blocks 
were  lifted  or  depressed  vertically,  but  that  a 
relative  vertical  movement  was  produced  by 
a  slight  westward  tipping  or  revolving  of  the 
fault  blocks. 


We  have  called  this  the  Calaveras-Sunol  fault. 

At  the  south  edge  of  the  Pleasanton  sheet 
this  fault  appears  where  the  road  from  the 
Calaveras  Valley  passes  northward  over  the 
divide  to  Alameda  Creek.  From  this  point  it 
follows  northward  down  Alameda  Creek 
toward  Sunol,  crosses  Laguna  Creek  just  west 
of  the  Southern  Pacific  railway  bridge,  passes 
up  on  the  east  side  of  Pleasanton  Ridge  for  a 


mile,  descends  to  Laguna  Creek  near  Verona 
station,  and  follows  thence  along  the  east  base 
of  Pleasanton  Ridge  in  the  direction  ef  Dub- 
lin. To  the  east  of  this  fault  line  the  westward 
tipping  or  revolving  of  the  faulted  block  caused 
a  westward  tilt  of  the  old  surface  or  valley 
floor.  Possibly  this  obstruction  was  formed  in 
part  by  an  uplift  on  the  west  side  of  this  fault ; 
in  any  case  the  movement  along  the  fault  pro- 
duced a  great  natural  rock  barrier  across  the 
west  end  of  the  Livermore  Valley. 

The  formation  of  a  great  natural  water  stor- 
age reservoir  in  this  manner  is  so  unusual  that 
it  seems  advisable  to  set  forth  briefly  some  of 
the  reasons  for  the  conclusions  reached. 

Geologic  sections  have  been  worked  out  at 
several  places  and  the  results  are  shown  on  the 
accompanying  sections. 

The  Rosedale  section  (Fig.  3)  shows  the 
structure  across  the  fault  at  Rosedale  school 
house  at  the  extreme  southern  end  of  the  Sunol 
Valley.  The  profile  given  is  the  true  profile 
as  taken  from  the  topographic  sheet.  The  se- 
quence of  the  beds  and  the  structural  features 
are  taken  from  direct  observations  made  for 
the  specific  purpose  of  determining  the  amount 
of  this  displacement.  The  horizon  from  which 
measurements  were  made  is  a  very  fossiliferous 
and  readily  identified  Tertiary  bed  that  seems 
to  be  constant  over  the  area  involved.  The 
dips  of  the  beds  as  shown  in  the  section  are 
the  true  dips  as  observed  at  the  surface. 

This  section  shows  that  the  downthrow  along 
the  fault  at  this  place  is  on  the  east,  and  that 
the  vertical  displacement  amounts  to  about 
3600  feet. 

The  Maguire  Peak  section  across  the  fault 
(Pig.  4),  about  a  mile  further  north  and  nearly 
parallel  with  the  Rosedale  section,  passes 
through  Mission  Peak  Ridge  and  Maguire  Peak, 
the  high  peak  of  the  cluster  east  of  the  Sunol 
Valley.  This  section  exhibits  the  same  series 
of  rocks  and  nearly  the  same  structure. 

This  Maguire  Peak  section  shows  that  the 
downthrow  on  the  fault  is  on  the  east,  and  that 
the  vertical  displacement  is  about  3400  feet. 

Although  the  Calaveras-Sunol  fault  continues 
northward  along  the  east  base  of  the  Pleas- 
anton Ridge,  the  absence  of  an  easily  recog- 
nizable bed  or  horizon  in  the  Pleasanton  Ridge 
or  in  the  mountains  west  of  there  makes  it 
difficult  or  impossible  to  determine  exactly  the 
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amount  of  the  displacement  along  the  western 
edge  of  the  Livermore  Valley. 

The  area  of  Santa  Margarita  Tertiary  beds 
exposed  with  their  steep  west  dips  in  the  West- 
ern Pacific  railway  cut  near  Verona  station, 
and  the  occurrence  of  beds  of  the  same  series 
at  the  Southern  Pacific  bridge  about  a  mile 
northeast  of  Sunol  station  and  dipping  steep- 
ly westward  toward  the  Pleasanton  Ridge, 
show  that  the  fault  crosses  Laguna  Creek  not 
far  below  the  bridge  mentioned,  that  the  down- 
throw is  still  on  the  east  side,  and  that  the 
displacement  must  be  something  more  than  the 
height  of  the  Pleasanton  Ridge,  that  is,  it  is 
clearly  more  than  1000  feet.  (See  Figs.  11 
and  12,  page  220.) 

But  the  rocks  forming  the  crest  of  Pleasanton 
Ridge  are  all  Cretaceous,  while  the  Tertiary 
beds  that  formerly  covered  them  have  all  been 
removed  from  the  ridge  west  of  Verona  sta- 
tion, and  the  Tertiary  beds  exposed  at  the 
Southern  Pacific  railway  bridge  are  the  tuffs 
at  or  near  the  top  of  the  marine  Tertiary  of 
this  region.  The  amount  of  the  displacement 
on  the  fault  at  the  Southern  Pacific  bridge 
therefore  is  equal,  at  least,  to  the  height  of 
Pleasanton  Ridge  above  the  Tertiary  tuffs  in- 
creased by  the  total  thickness  of  the  Santa 
Marerarita  Tertiary  beds  and  by  an  unknown 
thickness  that  has  been  removed  by  erosion 
from  the  top  of  the  ridce. 

The  thiclraess  of  the  Santa  Margarita  Tertiary 
beds  as  shown  in  the  Maguire  Peak  section  is 
at  least  2500  feet:  the  height  of  Pleasanton 
Rida-e  above  the  Tertiary  tuffs  is  about  1000 
feet  (see  topographic  map,  page  210).  The  total 
vertical  disT)lacement  on  the  western  edge  of  the 
Livermore  Valley  near  Verona  is  therefore  3500 
feet  plus  an  unknown  additional  amount. 

The=!e  amounts  are  so  close  to  those  obtained 
from  the  Maguire  Peak  and  Rosedale  sections 
across  the  fault  at  the  south  end  of  the  Sunol 
Valley  that  they  must  be  accepted  as  very 
near  the  truth. 

A  downthrow  of  3000  feet  on  the  east  side 
of  the  fault  about  the  southwest  corner  of  the 
Livermore  Valley  may  therefore  be  regarded 
as  a  conservative  estimate. 

Bearing  of  the  Sunol-Calaveras 

Fault  upon  the  Water-Bearing 
Gravels  of  the  Livermore  Valley. 

Ordinarily  mountain  valleys  have  hard  rock 


floors  with  a  limited  amount  of  loose  material 
spread  over  them  in  the  form  of  sands,  gravels, 
clays  and  soils.  The  rock  floors  of  such  valleys 
usually  slope  gently  toward  an  outlet  through 
which  surface  streams  flow,  and  toward  which 
the  underground  waters  tend  to  drain.  In  the 
case  of  the  Livermore  Valley,  however,  the 
rock  floor  has  been  let  down  along  its  western 
margin,  and  especially  about  its  southwest  cor- 
ner, until  it  has  been  carried  down  fully  3000 
feet  below  its  former  position.  It  is  not  meant 
to  imply,  however,  that  the  valley  has  been 
filled  up  to  a  depth  of  3000  feet  with  gravel. 
Faulting  might  occur  and  still  leave  the  valley 
floor  of  hard  rock  and  covered  like  other  val- 
leys, with  only  a  thin  veneer  of  loose  materials. 
Other  evidence,  however,  goes  to  show  that 
the  fault  has  let  the  old  rock  floor  down  to  a 
considerable  depth  below  the  rock  rim  over 
which  Laguna  Creek  flows  through  Niles 
Canyon. 

The  Rock  Rim  of  the  Livermore 
Water-Basin. 

Laguna  Creek,  the  stream  that  drains  the 
Livermore  Valley,  runs  over  a  hard  rock  bed  in 
the  lower  or  western  end  of  the  Niles  Canyon. 
This  rock  bed  is  exposed  here  and  there  as  far 
east  as  the  Spring  Valley  Water  Company's 
dam  three-quarters  of  a  mile  west  of  Sunol 
station.  From  this  dam  upstream  the  rock  bed 
is  nowhere  else  exposed  along  the  stream  for 
seven  or  eight  miles  abov«  the  town  of  Pleasan- 
ton on  the  Arroyo  del  Valle,  and  for  six  or 
seven  miles  above  Livermore  on  the  Mocho. 

Depth  of  the  Gravels  in  the 
Livermore  Valley. 

The  deepest  wells  put  down  in  the  Liver- 
more Valley  have  penetrated  the  gravels  and 
accompanying  beds  to  a  depth  of  275  feet. 
The  question  arises  as  to  the  relations  of  the 
bottom  of  this  and  other  deep  wells  to  the 
rock  rim  of  the  basin  at  the  Sunol  dam. 

A  line  of  levels  for  the  purpose  of  determin- 
ing these  relations  was  run  along  the  bed  of 
Laguna  Creek  from  the  Sunol  dam  to  the  pump- 
ing station  near  Pleasanton,  and  this  line  was 
connected  with  the  wells  as  far  east  as  Liver- 
more. and  also  with  the  piles  driven  into  the 
bed  of  Laguna  Creek  for  the  foundations  of  the 
bridge  piers  where  the  Western  Pacific  railway 
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crosses  it  above  Sunol.  These  piles  are  said  to 
have  penetrated  the  gravels  to  a  depth  of  80 
feet.  The  profile  of  the  creek  bed,  the  rock  rim 
at  the  dam,  some  of  the  deep  wells  in  the  val- 
ley, and  the  depth  of  the  piles  at  the  Western 
Pacific  bridge  are  all  shown  on  the  accompany- 
ing section.     (Page  206.) 

This  section  makes  plain  the  fact  that  the 
gravels  of  the  Livermore  Valley  have  been  let 
down  to  a  considerable  depth  below  the  rock 
floor  or  rock  rim  where  it  is  exposed  in  the 
bed  of  the  stream  in  Niles  Canyon. 

Data  are  lacking  at  present  for  the  precise 
determination  of  the  depth  of  the  gravels  in  the 
Livermore  Valley.  They  certainly  and  greatly 
exceed  the  depth  of  the  deepest  wells  thus  far 
put  down  in  them. 

This  subject  will  be  taken  up  again  in  con- 
nection with  the  subject  of  the  Pliocene 
gravels. 

The  Older  or  Pliocene  Gravels. 

The  hills  south  and  southeast  of  Pleasanton, 
and  certain  hills  south  and  southeast  of  Liver- 
more are  shown  on  the  accompanying  map  as  be- 
ing made  up  of  Pliocene  deposits — interbedded 
sands,  clays  and  gravels,  many  of  the  beds  being 
of  very  coarse  materials.     (Page  202a.) 

Fossils  found  within  340  feet  of  the  base  of 
the  series  at  Cresta  Blanca  on  Arroyo  del  Valle 
and  elsewhere  show  that  they  are  of  fresh 
water  or  land  origin. 

Erosion  has  cut  into  them  on  the  hills  so 
that  fully  250  feet  of  their  thickness  is  openly 
exposed  at  several  places.  Through  the  hills 
south  and  southeast  of  Pleasanton  these  gravel 
beds  dip  uniformly  toward  and  beneath  the 
Livermore  Valley  at  an  angle  varying  from 
20°  to  23°. 

In  order  to  show  the  approximate  thickness 
and  the  structural  relations  of  these  gravels  to 
the  Livermore  Valley  a  profile  has  been  drawn 
to  scale  from  the  top  of  the  ridge  southeast 
of  Pleasanton  to  Eliot  station  in  the  valley 
(Fig.  6),  and  another  has  been  drawn  from 
the  crest  of  the  same  ridge  northeastward  to 
the  county  bridge  over  Arroyo  del  Valle  (Fig. 
7).  The  dips  of  the  beds  as  observed  in  the 
field  have  been  put  on  these  profiles  so  as 
to  exhibit  the  general  geologic  structure. 

Although  these  sections  do  not  include  either 
the  lowest  or  the  highest  beds  of  this -series  of 


deposits,  the  total  thickness  of  these  Pliocene 
deposits  here  exhibited  amounts  to  considerably 
more  than  4000  feet. 

An  isolated  remnant  of  these  same  gravels 
half  a  mile  west  of  Livermore  leads  to  the 
conclusion  that  they  extend  far  out  beneath 
the  valley,  but  the  absence  of  the  beds  from 
the  north  side  of  the  valley  shows  that  they 
do  not  pass  entirely  across  it. 

These  facts  taken  in  connection  with  the 
geology  worked  out  on  higher  ground  west  of 
the  valley,  lead  to  the  inference  that  there  is 
probably  an  east-west  fault  crossing  the  Liver- 
more Valley  from  somewhere  in  the  vicinity 
of  Dublin  passing  about  through  the  town  of 
Livermore  and  eastward  in  the  direction  of  Ar- 
royo Seco.  The  downthrow  of  this  fault  is  on 
the  south  side  and  is  probably  greatest  about 
two  and  a  half  miles  north  of  Pleasanton  and 
a  mile  and  a  quarter  north  of  Eliot,  while  it 
dies  out  or  has  a  less  throw  at  its  extremities 
to  the  east  and  west. 

The  facts  of  chief  importance  in  regard  to 
these  Pliocene  gravels  in  this  connection  are: 

1.  They  are  mostly  coarse  water  laid  mate- 
rials such  as  are  likely  to  be  water-bearing 
under  cover. 

2.  Over  an  area  of  47  square  miles  they  dip 
towards  and  beneath  the  Livermore  Valley  at 
an  angle  of  about  20°. 

3.  They  have  a  thickness  of  more  than  4000 
feet. 

4.  It  seems  probable  that  deep  wells  proper- 
ly located  with  reference  to  the  geology,  and 
penetrating  these  gravels  where  they  pass  be- 
neath the  valley,  may  yield  artesian  water. 

5.  They  are  of  fresh  water  or  land  origin 

6.  Even  if  these  gravels  do  not  yield  ar- 
tesian water,  they  form  a  great  natural  reservoir 
beneath  the  valley. 

7.  There  is  no  great  thickness  of  gravels 
along  the  northern  margin  of  the  valley. 

No  Outlet  by  Way  of  San  Ramon. 

The  possibility  has  been  suggested  of  an  under- 
ground outlet  for  the  waters  of  the  Livermore 
Valley  northward  by  way  of  the  San  Ramon 
Valley. 

I  know  of  no  good  grounds  for  this  idea. 
The  Niles  Canyon  through  which  the  drainage 
of  the  Livermore  Valley  escapes  has  been  cut 
down  by  the  stream  flowing  through  it.     The 
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position  of  the  stream  was  apparently  deter- 
mined by  the  original  slope  of  the  Pliocene 
gravels,  and  it  has  Ijeen  flowing  there  ever 
since  those  gravels  were  deposited. 

The  Gravels  About  Sunol. 

In  the  vicinity  of  Sunol  the  Plio- 
cene gravels  are  exposed  in  the  hills  north, 
east  and  southeast  of  the  town,  and  in  the 
bluff  near  the  water  temple  three  quarters 
of  a  mile  southwest  of  the  station.  In 
the  Sunol  and  Pleasanton  ridges  north  of 
the  town  and  in  the  ridge  southwest  of  the 
town  these  gravels  rest  upon  folded  Cretaceous 
shales.  In  the  hills  east  of  the  town  they  rest 
for  the  most  part  on  the  folded  fossiliferous 
Tertiary  beds  like  those  exposed  in  the 
Maguire  Peak  region  and  east  of  Verona  sta- 
tion. The  arrangement  of  the  cobbles  in  the 
-  best  exposed  of  the  gravel  beds  shows  that  the 
streams  in  which  they  were  laid  down  were 
flowing  westward  or  in  the  direction  of  the 
Niles  Canyon.  At  present  the  beds  do  not  dip 
in  that  direction.  In  the  bluff  near  the  water 
temple  the  dip  is  toward  the  east  at  an  angle 
of  seventeen  degrees.  (Pig.  10.)  It  is  just 
possible  this  is  not  a  true  dip,  but  that  it  is 
caused  by  a  dislocation  of  the  beds.  However, 
in  Pleasanton  Ridge  the  dips  are  nearly  south 
at  an  angle  of  about  17° ;  from  the  Pleasanton 
Ridge  to  Scott's  corner  the  dip  is  toward 
southeast  at  an  angle  of  from  16°  to  20°.  (Pig. 
8.)  If,  as  it  seems,  these  beds  were  deposited 
while  the  water  flowed  westward  or  toward 
Niles  Canyon,  there  has  been  a  depression 
along  the  east  side  of  Sunol  "Valley  since  the 
deposition  of  the  gravels. 

If  it  be  assumed  that  the  streams  in  which 
the  gravels  were  laid  down  had  a  slope  of  aboiit 
two  degrees,*  then  there  has  been  a  depres- 
sion that  has  let  the  gravels  down  about  1200 
feet  in  the  deepest  part  of  the  Sunol  Valley. 

The  question  of  the  depth  of  the  gravels  in 
the  Sunol  Valley  may  also  be  approached  from 
the  point  of  view  that  the  surface  of  Cretaceous 
shales  on  which  they  were  laid  down  was  an 
approximately  even  one,  and  that  the  dips  of 
the  gravels  continue  unchanged  beneath  the 
valley.  This  old  Cretaceous  surface  is  toler- 
ably clear  in  the  Pleasanton  Ridge.     It  there 


♦The  highest  angle  obtained  on  the  stream  beds  in 
the  Livermore  Valley  is  on  the  Mocho  just  below  the 
Moclio  school  house,  where  it  is-  about  one  degree. 


slopes  toward  the  Sunol  Valley  as  shown  in  the 
accompanying  Sunol  Valley  sections.  (Pigs. 
8,  9  and  10.) 

If  this  old  surface  continues,  as  it  appears 
to  do,  and  if  the  gravels  beneath  the  valley 
have  the  same  dips  as  they  do  on  the  hills, 
the  gravels  are  deepest  in  the  Sunol  Valley 
about  a  fifth  of  a  mile  southwest  of  Scott 's 
corner  where  they  have  a  depth  of  from  600 
to  900  feet. 

It  seems  probable  that  these  deep  Pliocene 
gravels  of  the  Sunol  Valley  are  of  sufficient 
thickness  to  form  an  important  water  basin. 
If  the  structure  is  what  the  facts  seem  to  in- 
dicate, wells,  in  order  to  penetrate  these  beds, 
should  not  be  put  down  south  of  the  mouth  of 
San  Antonio  Creek  unless  developments  show 
the  geology  to  be  different  from  what  it  now  ap- 
pears to  be. 

The  most  promising  locality  seems  to  be  be- 
tween 'Scott's  corner  and  the  Spring  Valley 
cottages  and  from  500  to  1000  feet  southwest 
of  the  public  road. 

Stonybrook  and  Sinbad  Faults. 

It  has  been  pointed  out  that  the  displacement 
along  the  Sunol-Calaveras  fault  has  the  down- 
throw on  the  east  at  this  place. 

The  theory  of  a  depression  in  the  gravels  west 
of  the  fault  line  seems  to  be  in  conflict  with 
the  former  statement. 

It  should  be  noted,  however,  that  the  down- 
throw on  the  east  side  of  the  Sunol-Calaveras 
fault  is  a  very  large  one,  amounting  to  more 
than  3000  feet,  while  the  depresssion  in  the 
Sunol  Valley  seems  to  be  local  and  to  amount 
to  only  about  one  thousand  feet. 

Furthermore  the  geology  of  the  region  north 
of  the  Niles  Canyon  shows  that  besides  the 
Sunol-Calaveras  fault  that  passes  along  the 
east  side  of  the  Sunol  Valley,  and  along  the 
west  side  of  the  Livermore  Valley,  two  other 
faults,  the  Stonybrook  fault  and  the  Sinbad 
fault,  converge  in  the  northern  end  of  the 
Sunol  Valley.  (Page  210.)  The  position  and 
structure  of  these  faults  are  shown  on  the 
accompanying  geologic  sections  across  the 
Sunol  and  Pleasanton  ridges,   (Pigs.  11  and  12.) 

Geology  of  Sunol  Valley  only  Re- 
motely Related  to  that  of 
Livermore  Valley. 

The  geology  of  the  area  where  these  faults 


-■7nr--_—                  -      ,|V^*       -   ---  -  -  -~^*'r^z — :~:3s:'^  — z"''^Z-  ■ 

is^                   it    ^iti             '^    "  —  -----  . 

^  jejU  >■                   .                               ?■'/  ^ 

^  SSiSi                                       "P  r  ^  i^ 

)           !^[j[g                                                      JE  *'  S 

'                               1           1  WX'il^           '                                                               Jp    h 

'i?yiA" ■  ^                            1^  "1 

H  yy  A  ■)  t  L.M  )1J  ,.  ;*  "HgE  N       ^             ^•''ci)  ijunb  r     K® 

life*  p      -  ^                                             uSj  3 

'"T'TT^     CrtlT^'-  ■5E3S^g[ir7)--^r^        ar                                                fw^ST                                                                       '^ 

v^  ^       '^ '                                        Dp^  ^ 

HB  ^^'"^                       .|M!-                              G'lCi                                  '^                         _c 

■+  "■     "         ■     "■                                                  g'*g        3       od.ni.  .-Ecj.^.u'l  ?^)  H^l                     '"■■"              "Z^      ^ 

'  '                                                                                            /■••■*;:  s^          ^                                                                Jf#  A  ?                     ■            --.                         X. 

/  $■"  N  '^        ■                                             . .  i^  •;-  -5                        - 

, ____      _____  _^||_^____ — , j|^^| —  — J ^ — . 

■    lESll      ^                                «Siil    ^-      T-             ^         ' 

__                                    fte'>;^'\^      J-                               'i't'ip       ■~      ..             ; ., 

-                 ■      ^^iS                                 3231             ^    -       S_     ^   - 

-            T^IS^'  c                       ^^iSi       =       ^   -       5  n-2  - 

--        -                  -      --        lii^^                            i^l^^^^       -■>,:-        a     ::    -      -   - 

":  """                              'Pill    '  --              i^l^l    -^     ^         ?  ■           ~  ♦ 

.    /^  N^  '\V\^    i','^           -Si            —                                        /  ^  ^*^i;K\'  k                -^             '-    - 

' ~ "5^|ws~"^~"= ±iiial     "        -             '-       - 

iSi^tSa    -t   )-E                 2^3|ffil       -c       -z 

jt^Hmu    *"  '^-          ^ssiSpl  ^^i      =  _      -         -t      - 

Zi^^iffls  '=                Tigiior-  _    •:  _ 

■HhB'ST-'Ui  '    p\  -H             •  n  WPiffl       T     H 

xli/i-'iMk     ^     •<            +^li-      J,       c        .                      _         . 

*^/vP^?WH     ^+r               ^p::r!fir     :      -^ 

-                              ii^slsMg          ^             e5^;;3zSi    =      z                  _-     - 

-      -                                         Htiiii    ^5-"                _'2Sl«t     -        : 

*^;f.-;^!?!?/3     r-     -                vi'm!'\       i        - 

\'^:^^^^               en                         "*"*  '^^^^^^z  (^         -  '^ 

^jnT?TTl"i:t:rrH^i^f  i^^     "^  -T[r  E  "  3)  Jifin  r  )  ^  5S          _          ^           .   :=  ; 

-    ---  -                         Tiigii    -    ^              ^iP^l      ^      :         " 

2iS^ls   -'^     -               Mffiii              -           : 

fjfe  ^  ^'^  "^^  ^  V^                                                                    ^  '^  i^  ;^^  ^ife;    '         -  —                                                *- 

j^^  s  i^  v^  ^     '  ~      "c                 i^^^  '^  ^^  ^^        ^         -^              ^ 

M.-fe  ^  '\C'  :;$        *-^                                   r;  *^  ^  >^  ^?»            ^          ^   ' 

|<|^^^^  i^-^  \   '    ■■           V-                         I^  N  -^  v^^  '^  fc;            '                                   ' 

+  l:^2s^^J^        -     -^                     tii::J;i^            -           t 

r                                               T  ^'Hf; ;^  ^     -  ^      g                 p^'i :?  s#  J  ^        C 

/  ■?•  3*^^  V-  K  is'^  §S!       "  ~          P                             1^  \^  ^  ^J?^  -^  S           ^ ^ 

/•  jj^S  vi"  *^'^  ';^  ss  ■.^          '"           *"                             K  ^  ^  ^^^*^  '^    k*                                                        ^ 

/K-  ■''i  *^  'K^;  s"-  "^~^  "^  \N            -            "*                              ^  ^  ^  ^  i;^}^  ^'    ^                ~                                            tl 

1^  N-x^--.;J;V\^           ^                                        y'^-S^^^^'^                -            '"'"                          - 

■    I'                        "Is^llsl     it-     ic^-llliii     =     =        t 

lcS5>]SSs     M     "-        4.22c^-^ is s  s        -        _          -fei   -^^ 

"     I           '                     -•  lllstgslit-  Ip       +iSSv"^:^l5l ^     ^-       I   -     A   ,2 

V?W#w4\i  fl  -H       mTi'h  M^    Tl     B         n  T 

---               _                                'ji'-SSSjLj         -     _ir               =.•   CX  '   ^i^  '  5  *I        -                                      _t 

,^^Si^lSs^"     :              'i.^i^^i^Ss       :       :-             V 

"Zi'^i-zSoa         1      ^:"- 52  1^')     •=      :             V 

■                         ?■  ^.^N'^jisKi        *        i^-zssa;'!     -z     -I             s^ 

■    :::  — :  :  ::  :  :Sii2:^Ci^3S||  ^-  "^^       ^;;S:^^;:?^-      3                  s-     .  _ 

_;_::_:„:  sji^Ai^SsS  --  -.           ^^iGc^sis:^      ^      a             ,v 

"_:::_:_::::::  iiL^iut^S^    g  ^=      -  ^v^Xiit^    l-      t  z      z  %i    . 

_---■     5ii,E^i''uH    -    '^          n;^;i'2:             p             sz,      ..    IT 

:_  _::  :                   _5."  ::xi5ss  -?  i      -  i3jz:^ii:^i^    ^-„_.L. __.,  =  *,'  _. 

: ,_ t^L:i.;!^jM    niis      .  32  i^^i^ZE     fc=  :::::     :s^$ 

^  '••■•■■■    ''  ''If    ■"    3          !'''  /  -1 '  ■  ;  -  ■■       -,      -           "  -^  - 

-           _     .-     -        .^.,..|.,,■y,               p                    J,.,        ,_.,         7           - 

y,  ''"-mm    -!  _£            J i'- 1"- ]■'■,'-■             -          «*    1 

■•2'^pll    ^   --           ll'fn^^i    ->      -         ^;^  • 

^ ' '  ■'  T  mH '1'  ^       -1       -^                      S  1 '  '  l/'-  y  ■  •  ''           -,          ->                "^  J '^  t" 

'  '  hm ', 'W///1'.  r/,        -      —                         vryf'      t  ^                       ~  ~                  \      ^  '^  "^ 

'                                                                d'i?  'u  %%%           ~        r                          P  /!'/   '  {                           t!                                ■**  ^ 

'■  i^'  '(A  ''%!'  fj  ^'                         '                                  \  ',')/,  22 

'  V*^  '^  Ss  ^^  'S  N         1^                                               \]S^  V*  \A_            \ 

-^•^v.-i\Tyr.xiM^',_  m.m\m%  (.-  ":  ,      ,i*"fJ'«n    \0                  ' 

mSSi^J^              :    N3LC>,.i>,  i,^^lS§     ,M, 

^    __            -,       IIII^Hi  t_    ^              #^li    "t  "S""  — 

*  L^  ^  -^  -^  ■  <  ?N      ^             ^                              r  ^  V  »i'  ^iw            0  "^  \         (^ 

1                           ^N  ^  V  ^  ^fe  ^  ^            -p                 jP*  ^  ^5  ^'^      \  r   S     ^  ^ 

'  "  '  !>\^  i^  ^^  ~  ^^                                                   Bbk  S-^^^^^               '                 J"                      " 

""i^,                   ^>^s;^^^^  <^    ^            1^^    -^         f          \     ■ 

i    V                                        ^  ^§  ^:  $  -^g      C          ■  ■"                             \  ^  ^^^         d     ot  *■          H                    J: 

r       ^                                   /^  t^M  ^•is^^                                                       S^  ^^         >      ft  '^^         t                    •- 

i"P   N                    ^^^  ^^P           1^  '               w^ft     S   »«     ^    ""     *   "" 

[  ri     ^^j"^^^^^                                               1^^^^ 

^^3^^^ft^                                               »^^^ 

s^p^^^^                                    ^^^P 

^^^nw^te                                                           ^^^^ 

^^^^^                                                  ^^^ 

^^^^^^                                                                                                       ^^K 

^M^^^                                                                                                    1  ^^ 

: J „ j.^^ _ -CT- 

220 


LIVERMORB  VALLE"?   ENORMOUS  RESERVOIR. 


221 


converge  is  necessarily  complicated  in  addi- 
tion to  being  concealed  beneath  the  wash  in 
the  valley.  It  seems  probable  that  the  deep 
gravels  do  not  extend  south  of  the  mouth  of 
San  Antonio  Creek;  in  other  words,  they  un- 
derlie only  the  northern  half  of  the  Sunol 
Valley. 

The  geology  of  the  Sunol  Valley  is  only 
remotely  related  to  that  of  the  Livermore 
Valley. 

Conclusions  as  to  Geology  and 
Water  Storing  Capacity  of 
Livermore  and  Sunol  Valleys. 

1.  The  geologic  structure  and  the  history  of 
the  Livermore  Valley  show  it  to  be  a  very 
unusual  valley  in  regard  to  its  water  storing 
capacity  which  is  much  greater  than  it  would 
be  under  ordinary  geologic  and  climatic  con- 
ditions. 

2.  It  contains  two  distinct  sets  of  water- 
bearing beds,  and  possibly  three. 

3.  The  newest  beds  are  those  recently 
washed  into  the  valley  from  the  surrounding 
mountains. 

4.  Beneath  and  merging  into  these  new  beds 
are  probably  wide  spread  and  deep  deposits  of 
gravels  and  sands  washed  into  the  valley  dur- 
ing the  uplift  and  heavy  run-off  of  the  glacial 
epoch. 

5.  Still  older  beds  of  Pliocene  Tertiary  age 
form  the  high  hills  south  and  southeast  of 
Pleasanton  and  Livermore,  and  dip  far  be- 
neath the  floor  of  the  valley. 

6.  These  Pliocene  gravels  have  a  thickness 
of  4000  feet  or  more. 

7.  They  are  of  land  or  fresh  water  origin. 

8.  An  east-west  fault,  from  somewhere  near 
Dublin  and  passing  about  under  the  town  of 
Livermore,  seems  to  have  let  the  northern  end 
of  these  beds  down  to  a  great  depth  beneath  the 
valley. 

9.  The  northern  ends  of  the  Pliocene  gravel 
beds  are  concealed  beneath  the  later  gravels 
washed  into  the  valley  during  and  since  the 
glacial  epoch. 

10.  The  later  deposits  in  the  valley  contain 
many  water-bearing  beds  of  sands  and  gravels, 
but  they  are  irregular  in  form  and  thickness 
so  that  there  is  no  single  definite  bed  from 
which  wells  receive  their  waters. 

11.  Around    the    margins     of    the    valley, 


and  especially  about  the  eastern  and  south- 
eastern sides  whence  most  of  the  water  comes, 
the  stream-deijosited  materials  are  coarse,  and 
the  water  sinks  into  them  promptly. 

12.  The  water-storing  capacity  of  these 
newer  deposits  is  increased  by  the  steep  topo- 
graphy of  the  region  drained  and  by  the  con- 
centration of  the  rainfall  which  make  the 
streams  very  large  for  a  short  period  during 
the  year,  and  thus  enables  them  to  carry  down 
and  spread  over  the  valley  coarse  materials. 
Into  these  beds  the  water  from  the  streams 
sinks  during  the  whole  year,  and  moves  toward 
the  outlet  of  the  valley. 

1-3.  The  groups  of  wells  of  the  Spring  Val- 
ley Water  Company  near  the  lower  end  of  the 
valley  are  so  located  as  to  get  much  of  this 
underground  water  from  the  shallower  beds, 
but  the  geology  of  the  valley  leads  to  the  be- 
lief that  the  available  supply  is  very  much 
larger  than  that  which  is  now  being  pumped. 

14.  A  great  fault  across  the  west  end  of  the 
valley  and  crossing  Laguna  Creek  three-quar- 
ters of  a  mile  above  Sunol  station,  has  let 
down  the  region  east  of  it  three  thousand  feet 
or  more. 

15.  This  fault  has  carried  the  water-bear- 
ing gravels  of  the  Livermore  Valley  down  far 
below  the  level  of  the  rock  floor  exposed  in 
the  Niles  Canyon  at  the  Sunol  dam. 

16.  The  Livermore  Valley  is  therefore  an 
enormous  natural  reservoir  of  uniisual  origin 
and  unknown  dimensions  that  can  be  drawn 
upon  in  case  of  emergency  with  the  assurance 
that  the  water  will  be  restored  in  seasons  of 
heavy  rainfall. 

17.  I  know  of  no  reason  for  supposing  that 
the  water  is  escaping  northward  from  the 
Livermore  Valley  by  way  of  the  San  Ramon 
Valley. 

18.  It  is  quite  possible  that  deep  artesian 
wells  may  be  obtained  by  sinking  in  the  deep 
Pliocene  gravels  near  the  south  margin  of  the 
valley. 

19.  The  geologic  structure  of  the  Sunol  Val- 
ley shows  that  the  Pliocene  gravels  that  cap 
the  surrounding  hills  dip  beneath  the  northern 
end  of  that  valley  and  form  a  basin  the  center 
of  which  is  from  500  to  1000  feet  southwest  of 
Scott's  corner. 

20.  The  gravels  in  the  center  of  this  Sunol 
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basin  probably  have  a  thickness  of  from  600 
to  900  feet  or  even  more. 

21.  The  deep  gravels  underlie  only  the 
northern  half  of  the  Sunol  Valley. 

22.  "Whether  the  deep  gravels  of  the  Sunol 
basin  form  a  valuable  reservoir  can  only  be 
determined  by  practical  tests. 

Respectfully, 

J.  C.  BRANNER. 

Illustrations  Accompanying  Report  of  May 
6,  1912,  of  Prof.  J.  C.  Branner,  on  Un- 
derground Water  Conditions  of  the 
Livermore  Valley  and  of  the  Sunol 
Valley. 

1.  Map  of  Ihe  valleys  showing  drainage  basins, 

locations  of  wells,  land  lines,  etc.      (Page 
202a.) 

2.  Geological  map  of  Sunol  Valley. 

3.  Section  at  Rosedale  school  house.  Fig.  3. 

4.  Section  at  Maguire  Peak,  Pig.  4. 

5.  Profile  up  Laguna  Creek  from   Sunol  Dam 

to  pumps,  etc.  (Page  206.) 

6.  Two  sections  in  the  Pliocene  at  Eliot   Sta- 

tion, Pig.  6,  and  County  Bridge,  Pig.  7. 

7.  Sections  across  Sunol  Valley,  Pigs.  8,  9,  10. 
S.  Sintad  and  Stonybrook  faults.  Pigs.  11  and 
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REPORT    ON   THE    GEOLOGY   AND    THE    UNDERGROUND 
WATER  SUPPLY  OF  LIVERMORE  VALLEY 


BY 


Db,  Andrew  C.  Lawson, 
In  charge  of  Department  of  Geology,  University  of  California. 


Berkeley,  Cal.,  May  31,  1912. 
Mr.  S.  P.  Eastman,  Vice  President  Spring  Val- 
ley Water  Co., 

San  Francisco. 

Dear  Sir: 

I  have  read  Professor  J.  C.  Branner's  report 
of  May  6,  1912,  on  the  underground  water  con- 
ditions of  Livermore  Valley  and  of  Sunol  Val- 
ley, and  with  his  observations  and  conclusions 
in  mind  have  examined  the  territory  with  which 
that  report  deals.  My  examination  has  been 
limited  to  a  rapid  review  of  the  salient  features 
of  the  geology  and  I  have  made  no  attempt  at 
detailed  mapping  of  geological  boundaries.  The 
maps  and  sections  which  accompany  Professor 
Branner's  report  and  my  own  familiarity 
with  this  field  have  greatly  aided  me  in  the 
examination,  and  I  have  been  able  to  reach  con- 
clusions which  I  feel  well  justified  in  putting 
forward,  notwithstanding  the  limited  time 
given  to  the  present  field  work. 

Methods  of  Study. 

It  would  be  rather  remarkable  if  any  two 
geologists  acting  independently,  as  Professor 
Branner  and  I  have  done,  should  agree  at  all 
points  in  the  interpretation  of  the  phenomena 
presented  by  this  most  interesting  and  some- 
what complicated  field.  If  we  had  both  precisely 
the  same  geological  experience  there  would  still 
be  room  for  differences  of  opinion  due  to  the 
personal  equation  in  all  those  questions  in  which 
data  necessary  for  a  settled  conclusion  are 
only  partially  obtainable.  But  Professor  Bran- 
ner's experiences  in  the  general  field  of  geology 
have  been  different  from  my  own  and  with  ref- 


erence to  this  particular  field  he  has  approached 
it  from  one  side  and  I  from  the  other.  We 
therefore  come  to  the  consideration  of  the  prob- 
lems raised  in  the  Livermore  Valley  with  quite 
naturally  different  points  of  vie\V.  Professor 
Branner  is  more  familiar  with  the  stratigraphy, 
structure  and  geological  history  of  the  region 
south  of  Livermore  Valley ;  while  I,  on  the  other 
hand,  have  a  greater  familiarity  with  the  geology 
of  the  country  north  of  the  valley. 

I  mention  these  matters  so  that  if,  in  reading 
the  remarks  which  follow,  you  detect  here  and 
there  observations  or  opinions  which  seem  to 
differ  from  those  expressed  bj'  Professor  Bran- 
ner in  his  very  excellent  and  most  valuable  re- 
port, you  will  not  be  unduly  surprised.  Such 
differences  are  usual  and,  indeed,  in  complicated 
fields  w^here  full  data  necessar3^  for  sure  in- 
ference are  difficult  to  obtain  they  are  inevitable. 
It  would  be  a  miracle  if  any  two  geologists 
should  study  quite  independently  any  compli- 
cated field  and  arrive  at  the  same  conclusion  on 
all  phases  of  its  problems.  The  usual  procedure, 
and  the  way  in  which  science  mal-:es  progress, 
is  for  one  geologist  to  study  the  field,  map  its 
formations,  interpret  its  structure  and  write  its 
geological  history.  These  results  he  presents  to 
the  geological  world  for  criticism  and  correction. 
If  the  field  is  sufficientl.v  interesting  he  will  get 
these  in  abundance.  Geological  science,  like  most 
other  sciences,  adds  to  its  certitudes  quite  as 
much  b.v  criticism  and  correction  of  error  as  by 
original  effort  to  ascertain  the  truth.  Both 
functions  are  necessary  ;  for  no  man 's  statements 
are  scientific  unless  they  are  verifiable,  and 
science  is  after  all  but  the  concensus  of  expert 
opinion. 
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Concurs  With  Prof.  Branner's 
General  Conclusions. 

With  this  preface,  which  is  intended  to  fore- 
stall any  anticipation  on  your  part  of  a  complete 
agreement  between  Professor  Branner's  observa- 
tions and  deductions  and  my  own,  I  hasten  to 
say  that  I  entirely  concur  with  him  in  certain 
general  conclusions,  which,  I  take  it,  are  from 
your  point  of  view,  the  most  important  in  his 
report. 

I  agree  with  him  in  his  conclusion : 

1.  That  Livermore  Valley  is  an  underground 
storage  reservoir  of  exceptional  and  remarkable 
structure. 

2.  That  it  is  underlain  by  two  series  of  for- 
mations, one  of  Pliocene  age  and  one  of  an  age 
extending  into  the  present,  both  of  which  have 
a  large  proportion  of  gravel  in  them. 

3.  That  these  gravels  afford  a  great  storage 
space  for  underground  water. 

4.  That  these  formations  lie  in  a  basin  which 
is  enclosed  on  all  sides  by  older  and  practically 
impermeable  rock. 

5.  That  the  rocks  of  Pleasanton  Ridge, 
which  bounds  the  basin  on  the  west,  are  an  ef- 
fective barrier  to  the  escape  of  those  waters 
below  a  certain  level  determined  by  the  out- 
let of  the  drainage  of  Alameda  Creek. 

6.  That  this  hard  rock  barrier  preventing 
the  escape  of  the  stored  waters  below  the  level 
referred  to  is  the  remarkable  and  exceptional 
feature  of  the  basin. 

7.  That  this  relation  of  the  sediment-filled 
basin  to  the  barrier  of  Pleasanton  Ridge  is  due 
in  part  to  a  fault  which  lies  at  the  eastern  base 
of  the  ridge. 

8.  That  there  is  little  likelihood  of  the  escape 
of  these  stored  waters  to  the  north  by  way  of 
San  Ramon  Valley. 

9.  That  the  northern  half  of  Sunol  Valley 
is  a  smaller  basin  similarly  occupied  by  water- 
bearing gravels  to  a  sufficient  depth  to  warrant 
its  being  regarded  as  a  reserve  supply. 

Having  stated  my  conclusions  in  summary 
form  in  so  far  as  they  agree  with  those  of  Pro- 
fessor Branner  as  to  the  question  of  most  inter- 
est to  you,  I. may  now  proceed  to  indicate  some- 
thing of  the  observations  and  reasoning  upon 
which  these  conclusions  and  others  are  based. 

To  clear  the  way  for  this  it  will  be  first  neces- 
sary to  make  a  brief  general  statement  regard- 


ing the  geological  formations  with  which  we  are 
concerned. 

The  General  Geology. 

The  oldest  roclra  are  those  of  the  Franciscan 
series.  These  are  partly  sedimentary,  partly 
igneous  and  partly  metamorphic.  They  are  the 
hardest  and  most  resistant  rocks  of  the  region. 
Pebbles  derived  from  them  are  common  in  all 
the  conglomerates  of  later  sedimentary  forma- 
tions and  these  are  usually  easily  recognizable 
as  fragments  of  Franciscan  rocks. 

The  Franciscan  rocks  were  uplifted,  folded 
and  faulted,  greatly  eroded  and  then  the  eroded 
surface  was  depressed  below  the  sea  and  upon 
this  sea  floor  there  accumulated  a  great  thick- 
ness of  cretaceous  sediments  comprising  sand- 
stone, slates  and  conglomerate,  known  as  the 
Shasta-Chico  series.  The  Eocene  and  Miocene 
formations  are  represented  in  the  region,  but 
do  not  appear  in  the  territory  with  which  we 
are  immediately  concerned.  The  next  group  of 
rocks  is  the  San  Pablo  group.  This  consists  of 
marine  Tertiary  sediments  of  early  Pliocene 
age,  which  were  deposited  unconformable  upon 
the  worn  surface  of  the  Franciscan  and  Shasta- 
Chico  series.  The  region  was  again  disturbed 
and  again  subjected  to  erosion.  The  erosional 
surface  thus  established  was  then  depressed 
but  not  sufficiently  to  admit  the  sea,  and  in 
the  basin  thus  formed  accumulated  a  great 
thickness  of  lacustrine  and  fluviatile  deposits 
known  as  the  Orindan  formation.  These  are 
the  Pliocene  gravels  of  Professor  Branner's  re- 
port. 

The  Pliocene  gravels  of  Professor  Branner's 
report  appear  to  me  to  be  a  southerly  extension 
of  the  fresh  water  beds  which  are  extensively 
developed  in  the  hills  between  Berkeley  and 
Mt.  Diablo,  and  which  were  some  years  ago 
described  by  me  and  named  the  Orindan  for- 
mation. These  beds  have  an  aggregate  thick- 
ness of  several  thousand  feet  and  comprise  not 
only  thick  strata  of  gravel  which  are  evidently 
fluviatile  in  origin,  but  also  strata  of  clay, 
limestone,  and  sandstone,  all  containing  fresh 
water  fossils  which  were  evidently  deposited 
in  a  lake.  Besides  these  there  are  occasional 
beds  of  volcanic  ashes  or  tuff.  It  is  clear  from 
the  fact  that  flood  plain  and  delta  gravels 
occur  at  several  horizons  in  the  Orindan  for- 
mation that  the  basin  in  which  these  deposits 
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were  accumulating  tilled  up  from  time  to  time, 
since  such  gravels  could  not  have  been  spread 
out  in  deep  water.  It  is  also  clear  that  since 
the  formation  aggregates  several  thousand  feet 
in  thickness  that  the  basin  in  which  they  were 
accumulating  was  subject  to  progressive  sub- 
sidence during  the  course  of  that  accumulation. 
That  is  to  say,  the  Orindan  formation  accumu- 
lated in  a  geosynclinal  trough  which  was  in 
course  of  development  in  late  Pliocene  time  and 
which  served  as  a  trap  to  intercept  the  erosion- 
al  waste  of  the  adjacent  uplands  in  its  normal 
path  to  the  sea,  just  as  the  Great  Valley  of 
California  is  today  intercepting  the  erosional 
waste  of  the  Sierra  Nevada  and  so  causing  an 
extensive  deposit  of  fresh  water  beds  in  that 
depression.  , 

It  is  further  evident  from  these  conditions 
that  the  development  of  the  trough  or  basin 
in  which  the  Orindan  beds  were  accumulating 
involved  a  slight  deformation  not  only  of  the 
pre-Orindan  surface,  but  also  of  the  lower  beds 
of  the  Orindan  formation  itself  before  the  com- 
pletion of  the  Orindan  deposition.  The  char- 
acter of  the  Orindan  beds  is  naturally  not  con- 
stant over  the  extent  of  the  formation.  The 
lower  beds  are  coarser  and  more  gravelly  than 
the  upper  beds.  In  those  portions  of  Orindan 
time  when  the  basin  had  temporarily  filled 
up,  the  flood  plain  gravels  would  be  spread  far 
and  wide,  and  such  stages  of  the  accumulation 
are  represented  by  more  or  less  persistent 
sheets  of  gravel.  At  another  stage  when,  in 
consequence  of  excessive  subsidence,  the  basin 
was  occupied  by  a  lake,  the  deposition  of 
gravel  would  be  confined  to  the  margins  of  the 
lake  where  deltas  of  inflowing  streams  were 
being  built  up.  This  condition  is  represented 
by  locally  thick  beds  of  coarse  gravel  which 
are  not  persistent  for  great  distances. 

After  this  process  of  subsidence  and  conse- 
quent infilling  had  produced  a  deposit  of  sev- 
eral thousand  feet  of  lacustral  and  fluviatile 
sediments,  the  region  was  affected  by  the  acute 
disturbances  which  characterized  the  close  of 
the  Tertiary  in  this  region,  and  the  Orindan 
beds  were  folded,  faulted  and  uplifted  into 
the  zone  of  erosion.  Owing  to  their  softness 
and  lack  of  coherence  in  comparison  with  the 
older  rocks  of  the  region,  the  Orindan  beds 
have  been  exceptionally  susceptible  to  the  at- 
tack of  erosional  forces  except  in  portions  of 


the  region  where  they  have  been  protected  by 
sheets  of  lava  which  at  certain  centers  of  post- 
Orindan  volcanic  activity  were  poured  out 
upon  these  beds  and  so  served  to  protect  them. 
These  protecting  areas  of  lava  are,  however, 
not  extensive,  and  owing  to  the  prevailing  soft- 
ness of  the  Orindan  beds  the  widest  and  long- 
est valleys  of  this  portion  of  the  Coast  Ranges 
have  been  carved  out  of  them  by  erosion. 
Livermore  Valley  is  one  of  these. 

Extent  of  Orindan  Formation. 

The  western  boundary  of  the  Orindan  forma- 
tion from  Hacienda  station  on  the  Western  Pa- 
cific railway  to  the  vicinity  of  Dublin  is  the  east- 
ern base  of  Pleasanton  Ridge,  but  for  the  greater 
part  of  this  distance  the  boundary  is  con- 
cealed by  later  fluviatile  deposits  which  cover 
the  floor  of  Livermore  Valley.  To  the  north 
of  Dublin  the  area  occupied  by  the  Orindan 
beds  is  divided  by  a  belt  of  Older  Tertiary 
rocks  occurring  in  Las  Trampas  Ridge.  The 
portion  which  lies  to  the  east  of  Las  Trampas 
Ridge  extends  from  Livermore  Valley  north- 
westward, gradually  passing  into  a  well  de- 
fined overturned  syncline,  the  axial  plane  of 
which  dips  down  to  the  northeast  toward  Mt. 
Diablo.  The  end  of  this  syncline  spoons  out  a 
little  beyond  the  town  of  Walnut  Creek. 

The  southern  limit  of  the  Orindan  from 
Sunol  Valley  eastward  is  well  shown  on  Pro- 
fessor Branner's  general  map  showing  the  dis- 
tribution of  the  Pliocene  (Orindan)  gravels  on 
the  south  side  of  Livermore  Valley.  The  north- 
eastern boundary  lies  along  the  lower  south- 
west flank  of  Mt.  Diablo  where  the  Orindan 
beds  pass  beneath  the  San  Pablo  formation 
with  an  inverted  dip. 

That  portion  of  the  Orindan  formation  which 
lies  north  of  Livermore  Valley  is  practically 
continuous  with  the  area  mapped  by  Professor 
Branner  on  the  south  side  of  the  valley  on 
the  northeast  side  of  the  Arroyo  del  Valle,  and 
the  beds  are  of  the  same  general  character, 
being  chiefly  clays,  and  clayey  sands,  with  oc- 
casional and  quite  subordinate  beds  of  gravel, 
except  perhaps  at  the  base  of  the  section. 

The  portion  of  the  Orindan  which  occupies 
the  hills  between  the  Arroyo  del  Valle  and 
Sunol,  extending  south  from  Pleasanton  to  San 
Antonio  Creek,  as  shown  on  Professor  Bran- 
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ner's  map,  is  on  the  other  hand  characterized 
by  a  great  abundance  of  gravel  in  thick  beds 
with  beds  of  finer  material  of  the  nature  of 
sandy  clay  intervening.  It  is  evident  that  in 
this  part  of  the  Orindan  basin  there 
vpere  recurrent  delta  conditions  due  to 
the  influx  of  a  considerable  high  grade 
stream  from  the  uplands  to  the  south. 
This  stream  dropped  its  load  of  heavier 
detritus  on  the  margin  of  the  basin  as  a  great 
alluvial  or  gravelly  cone  in  much  the  same  way 
as  the  alluvial  cone  of  San  Antonio  Creek  in 
the  valley  of  Southern  California  is  being  built 
up  at  the  present  time ;  and  in  the  lacustral 
stages  of  the  basin  this  cone  doubtless  extended 
out  in  the  Orindan  Lake  as  a  delta.  Whether 
as  a  fan  or  as  a  delta  the  detritus  spread  out 
by  this  stream  became  finer  to  the  north  and 
northeast  and  eventually  passed  into  sandy 
and  clayey  silts.  There  is  nothing  surprising 
in  the  fact  that  the  Orindan  beds  on  the  north 
side  of  Livermore  Valley  are  finer  grained  and 
that  the  gravel  beds  are  thinner  and  fewer  in 
number  than  in  the  hills  south  of  Pleasanton. 

Origin  of  Valley. 

The  dissection  and  erosion  of  the  Orindan 
formation  which  has  given  us  Livermore  Val- 
ley and  other  similarly  wide  valleys  in  this 
part  of  the  Coast  Range  was  induced  by  up- 
lift of  the  region.  But  that  uplift  has  not  been 
a  simple,  uniform  elevation,  but  rather  a  com- 
plicated, fitful  and  uneven  buckling  or  warp- 
ing of  the  earth 's  crust.  This  is  apparent  from 
the  contrast  of  the  erosional  history  of  the  two 
sides  of  Livermore  Valley  as  revealed  in  the 
forms  of  the  resulting  slopes.  On  the  south 
dide  of  the  valley  the  profiles  of  the  hills,  par- 
ticularly in  the  lower  half  of  the  slopes,  are 
characterized  by  a  series  of  well  defined  ter- 
races, extending  down  to  the  floor  of  Liver- 
more Valley  on  the  one  side  and  to  San  Antonio 
Creek  on  the  other.  These  terraces  were  once 
the  flood  plains  of  streams  which  for  each  par- 
ticular terrace  had  attained  to  base  level  and 
remained  at  base  level  long  enough  for  the 
evolution  of  a  broad  valley  floor.  This  indi- 
cates that  in  the  course  of  the  uplift  of  the 
region  there  were  stages  of  repose,  each  repre- 
sented by  a  terrace  on  which  the  stream 
evinced  no  tendency  to  vertical  corrasion;  and 
that  these  stages  of  repose  were  succeeded  by 


a  renewal  of  the  uplift  which  caused  the  stream 
to  cut  down  to  a  lower  level  where  after  find- 
ing base  level  it  carved  a  lower  fiood  plain. 
These  terraces  or  flood  plain  remnants  were 
all  heavily  veneered  with  gravel  due  to  the 
meandering  of  the  stream  and  its  tendency  to 
aggrade  as  the  flood  plain  became  more  ex- 
tended. This  veneer  of  gravel  upon  the  ter- 
races is  liable  to  give  the  impression  that  the 
Orindan  formation  out  of  which  the  terraces 
have  been  cut  is  more  gravelly  than  it  really 
is;  and  this  impression  must  be  guarded 
against  in  any  attempt  to  judge  of  the  amount 
of  gravel  present  in  the  make-up  of  the  hills. 
Now  this  terracing  which  is  so  marked  a 
feature  of  the  hills  south  of  Livermore  Valley 
is  not  observable  in  the  hills  on  the  north  side 
of  the  valley.  The  conditions  of  erosion  here 
appear  to  have  been  those  of  completed  uplift 
rather  than  those  of  uplift  by  stages. 

Nature  of  Valley  Fill. 

In  contrast  with  the  evidence  of  uplift  of 
two  different  kinds  on  the  two  sides  of  Liver- 
more Valley,  the  valley  itself  has  suffered  de- 
pression. The  process  now  in  progress  on  the 
floor  of  Livermore  Valley  is  one  of  aggradation 
in  contrast  to  the  degradation  which  is  going 
on  in  the  surrounding  hills.  The  valley  is  fill- 
ing up  with  product  of  the  degradation  of  the 
hills.  The  material  which  is  swept  into  the  val- 
ley in  the  rainy  season  is  added  to  the  surface 
in  successive  layers  so  that  the  floor  of  the 
valley  is  gradually  rising.  That  this  process  is 
in  active  operation  is  impressively  shown  by 
the  fact  that  the  older  fences  in  some  parts  of 
the  valley  are  now  buried  in  the  accumulating 
sediment.  In  the  distribution  of  this  alluvial 
filling  there  is  a  distinct  sorting  of  materials. 
The  coarse  gravels  brought  down  notably  by 
the  Arroyo  Mocho  and  the  Arroyo  del  Valle 
are  dropped  by  the  streams  as  soon  as  the  lat- 
ter begin  to  spread  out  on  the  valley  fioor  and 
thus  tend  to  accumulate  in  the  southeastern 
part  of  the  valley;  while  the  finer  sands  and 
clays  are  carried  forward  by  the  floods  and 
tend  to  accumulate  in  the  western  part  of  the 
valley  floor.  But  at  an  earlier  stage  of  this 
infilling  of  the  valley,  before  the  grade  of  the 
streams  had  become  flattened  by  the  process 
of  infilling,  the  gravels  were  carried  down  on 
the  flood  plain -^0  the  very  west  end  of  the  val- 
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ley.  Owing  to  the  filling  up  of  the  valley  the 
grades  of  both  the  Arroyo  Mocho  and  the  Ar- 
royo del  Valle  have  become  so  flat  that  the 
gravels  cannot  now  be  carried  so  far,  and  the 
gravels  which  were  brought  down  to  the  west 
end  of  the  valley  in  former  times  are  now 
buried  by  forty  feet  or  more  of  fine  clayey 
silt.  For  the  purpose  of  distinguishing  these 
deposits,  which  thus  fill  Livermore  Valley  up 
to  its  present  floor,  from  the  older  Orindan 
deposits  upon  which  they  rest,  I  shall  refer  to 
them  as  the  Livermore  formation.  In  consid- 
ering the  distribiition  of  the  underground 
water  of  Livermore  Valley  we  shall  have  to 
give  attention  to  the  gravels  of  both  the  Orin- 
dan and  Livermore  formations. 

Drainage  Line  of  Arroyo  Mocho 
and  Arroyo  del  Valle 
Diverted  to  South. 

Now  before  the  depression  which  inaugur- 
ated the  deposition  of  the  Livermore  forma- 
tion and  the  consequent  infilling  of  the  valley, 
the  latter  had  been  cut  down  to  a  valley  floor 
now  buried.  This  valley  floor  was  carved  out 
of  the  Orindan  beds  and  the  outlet  of  the  val- 
ley during  the  time  of  its  formation  by  ero- 
sion was  probably  northward  by  way  of  San 
Ramon  Valley  to  Suisun  Bay.  This  valley 
though  now  occupied  by  a  very  small  and  in- 
significant stream,  is  the  former  drainage  line 
of  the  eonfiuent  Arroyo  Mocho  and  Arroyo  del 
Valle,  aud  is  the  result  of  the  erosion  by  that 
drainage. 

In  consequence  of  the  warping  of  the  region, 
a  small  tributary  of  Alameda  Creek,  cutting 
back  from  Sunol  along  a  line  of  structural 
weakness  has  been  enabled  to  capture  the 
drainage  of  Livermore  Valley  and  carry  it  to 
the  south  through  the  Arroyo  de  la  Laguna. 
The  upbuilding  of  the  alluvial  fan  of  Bollinger 
Creek  at  San  Ramon  perhaps  contributed  to 
this  diversion  of  the  drainage  from  San  Ramon 
Valley  to  Alameda  Creek;  but  in  my  opinion 
this  was  an  unimportant  factor.  The  fact  that 
the  Arroyo  de  la  Laguna  is  now  trenching  the 
upbuilt  alluvial  plain  of  the  lower  end  of  Liver- 
more Valley  and  that  this  plain  extends  as  far 
as  Verona  indicates  that  the  diversion  of  the 
drainage  may  have  been  a  comparatively  recent 
event  and  may  have  occurred  only  after  the 
infilling    of    the    valley    had   lifted    the    fiood 


waters  so  as  to  enable  them  to  pass  over  a 
low  divide  in  soft  material  in  the  pass  near 
Verona.  It  may  be  pointed  out  in  this  con- 
nection that  movements  on  the  Sunol-Calaveras 
fault  mapped  and  described  by  Professor  Brau- 
ner  may  have  contributed  to -this  diversion  of 
the  drainage  by  creating  a  zone  of  weakness 
in  the  pass  near  Verona  which  might  be  readily 
cut  into  by  the  Arroyo  de  la  Laguna  in  the 
northward  progress  of  its  head  water  erosion. 

Formations  Like  Fill  of  Livermore 
Valley  Practically  Unknown  in 
Eastern  United  States. 

Thus  far  I  have  outlined  the  general  geo- 
logical history  of  the  region  about  Livermore 
Valley  and  we  may  now  review  the  facts  and 
see  what  their  significance  is  from  the  point 
of  view  of  underground  water.  In  doinj;  this 
we  may  with  advantage  consider  the  Livermore 
formation  which  occupies  the  valley  carved  out 
of  the  Orindan  beds.  This  formation  although 
abruptly  terminated  toward  the  west  by  abut- 
ment upon  the  base  of  Pleasanton  Ridge  is 
nevertheless  of  the  nature  of  an  alluvial  fan  or 
zone.  Suoh  alluvial  fans  are  characteristically 
the  natural  underground  storage  reservoirs 
of  vast  supplies  of  water.  They  are  peculiar 
features  of  the  western  part  of  the  country  and 
they  are  practically  unknown  in  the  eastern 
United  States.  They  occur  in  many  parts  of 
California  and  other  western  states  usually 
where  a  narrow  high  grade  canyon  opens  ab- 
ruptly upon  a  wide  valley  in  which  flows  a  com- 
paratively low  grade  stream.  This  relationship 
of  narrow  torrential  canyon  entering  large  val- 
leys transversel.y  is  usually  due  to  the  fact  the 
large  valley  owes  its  existence  to  geologically 
recent  movements,  such  as  faulting,  which  have 
allowed  the  ground  under  the  valley  to  be 
depressed  and  so  give  rise  to  a  large  structural 
trough,  whereas  the  narrow  canons  which 
emerge  upon  it  from  the  mountains,  which 
bound  it  owe  their  existence  wholly  to  the 
erosion  of  the  stream  itself.  The  same  relation- 
ship may,  however,  be  also  due  in  other  cases 
to  the  presence  of  very  soft  formations  adja- 
cent to  hard  resistant  rocks.  The  soft  rocks 
are  rapidly  removed  by  erosion  and  a  wide 
valley  may  be  formed,  but  the  same  streams 
which  are  able  to  evolve  a  large  feature  in  the 
soft  formations  may  have  been  competent  to 
cut  only  a  narrow  canon  in  the  nearby  hard 
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and  resistant  rocks.  In  this  way  we  would 
have  gradually  developed  a  system  of  drainage 
involving  narrow  high  grade  streams  flowing 
into  a  wide  valley.  This,  as  I  have  already 
pointed  out,  is  the  case  in  regard  to  Livermore 
Valley.  Now  in  either  case  when  the  narrowly 
confined  torrential  stream  reaches  the  broad 
valley  with  its  load  of  detritus  it  tends  to 
spread  out  and  so  lose  velocity.  The  immediate 
result  of  this  is  that  part  of  the  load  of  detritus 
which  the  stream  is  carrying,  consisting  of  the 
boulders,  cobble  stones  and  pebbles,  can  be 
carried  no  farther.  They  come  to  rest  and  pile 
up  as  an  embankment  in  front  of  the  mouth 
of  the  canon.  The  sand  is  carried  further  down 
and  the  clay  still  farther.  This  recurs  each 
rainy  season  and  eventually  the  embankment 
grows  so  high  that  the  stream  running  over  it 
is  in  an  unstable  position  and  takes  a  short 
cut  down  the  slope  of  the  embankment  to  lower 
ground  on  one  side  or  the  other.  Here  the 
piling  up  of  coarse  detritus  takes  place  and 
the  stream  is  once  more  caused  to  change  its 
path.  This  recurs  over  and  over  again,  but 
all  the  various  courses  taken  by  the  stream  in 
its  many  shifts  are  radial  from  the  moiith  of 
the  narrow  canon.  The  channel  of  the  stream 
at  any  given  time  is  gravelly  far  down  the 
slope  of  the  fan  and  in  times  of  flood,  when 
the  water  spreads  out  over  the  entire  slope  the 
fine  silts  are  deposited  over  the  previous 
gravelly  channel.  In  this  way  every  channel 
is  not  only  built  up  into  an  elongated  lens  or 
ridge  of  gravel  extending  far  down  into  the 
valley,  but  every  such  lens  or  ridge  is  sooner 
or  later  buried  by  fine  clayey  silt  and  so 
sealed ;  and  every  such  sealed  lenticular  ridge  is 
in  direct  connection  with  the  apical  dump  of 
coarse  gravel.  The  net  result  as  the  process 
becomes  advanced  is  that  there  is  a  radial  sys- 
tem of  cylinder  lenses  of  gravel  radiating  in 
all  directions  outward  from  the  apex  of  the 
fan,  diverging  in  the  vertical  sense  as  well  as 
in  the  horizontal,  sometimes  interconnected  and 
sometimes  not,  and  all  below  a  certain  level  in 
the  upper  part  of  the  fan  imbedded  in  imper- 
vious clay.  In  the  state  of  nature  these  cylin- 
der lenses  of  gravel  remain  saturated  with 
water  up  to  the  level  of  the  upper  edge  of  the 
outermost  cover  of  clay.  Above  this  edge  the 
water  drains  out  of  the  gravels  during  the  dry 
season.    Below  this  it  is  permanently  sealed. 


But  if  far  down  the  slope  of  the  fan  a  series 
of  wells  be  bored  so  that  the  gravel  channels 
are  tapped  the  water  will  rise  as  an  artesian 
flow,  the  head  of  which  will  be  determined  at 
first  by  the  level  of  the  clay  edge.  But  if  a 
heavy  draft  be  made  upon  this  stored  water, 
then  the  water  plane  in  the  gravels  will  be 
lowered  below  the  clay  edge  and  the  head  of 
the  artesian  flow  will  be  correspondingly 
diminished.  And  of  course  the  water  plane 
may  be  lowered  so  far  that  the  water  in  the 
wells  will  not  rise  to  the  surface  but  will  have 
to  be  lifted.  This  is  precisely  the  condition 
that  we  have  in  the  Livermore  Valley. 

Gravels  Will  Store  Twelve 

Billion  Gallons  of  Water. 

The  deposits  which  I  have  called  the  Livermore 
formation  are  nothing  more  than  the  combined 
alluvial  fan  of  the  Arroyo  del  Valle  and  the 
Arroyo  Mocho.  In  the  lower  part  of  the  val- 
ley there  is  below  the  surface  a  plexus  of 
gravel  channels  sealed  in  clay.  These  gravel 
channels  are  full  of  water.  Their  capacity  is 
very  great.  At  the  present  time  I  would  not 
venture  to  estimate  that  capacity  satisfactorily 
in  figures,  as  that  would  take  more  time  than 
I  have  at  my  disposal  involving  an  elaborate 
compilation  of  data  much  of  which  is  insuf- 
ficient for  the  purpose.  Such  an  estimate 
would  moreover  fall  rather  within  the  pro- 
vince of  the  engineer  more  familiar  with  all  the 
details  of  the  field  than  I  am.  But  on  an  as- 
sumption that  the  gravel  aggregates  an  aver- 
age of  30  feet  in  thickness  under  an  area  of 
eight  square  miles  and  that  it  holds  25'  per 
cent  of  its  volume  of  water,  these  being  con- 
servative assumptions,  the  gravels  would  store 
over  12  billion  gallons  of  water.  Such  an  esti- 
mate to  be  reliable,  however,  should  be 
cheeked  up  by  a  series  of  wells  so  distributed 
as  to  limit  the  area  occupied  by  the  gravels 
and  at  the  same  time  give  us  a  better  basis  for 
computing  their  average  thickness.  The  esti- 
mate is  intended  merely  as  a  suggestion  of  the 
probable  capacity  of  these  gravels.  The  esti- 
mate, such  as  it  is,  applies  only  to  those  gravels 
which  I  can  confidently  refer  to  as  the  Liver- 
more formation.  There  may,  however,  be  still 
deeper  gravels  belonging  to  the  Livermore  for- 
mation which,  with  our  present  knowledge, 
cannot  be   discriminated  with  certainty  from 
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the  underlying  gravels  of  the  Orindan  forma- 
tion. 

Water  Storage  Nearly  Stationary 
and  Constant. 

The  large  supply  of  water  thus  stored  in  the 
Livermore  gravels  remains  in  the  natural  con- 
dition nearly  stationary  and  constant.  During 
the  rainy  season,  particularly  in  winters  of 
heavy  precipitation,  the  gravels  become  filled 
to  overflowing.  They  can  hold  no  more,  and 
the  surplus  runs  over  the  gravelly  intake  por- 
tion of  the  fans  and  floods  the  lower  part  of 
the, valley.  Under  these  conditions,  the  water 
table  of  the  lower  part  of  the  valley  is  above 
the  surface  of  the  ground.  The  pressure  in  the 
gravels  below  the  clay  mantle  is  sufficient  in 
many  places  to  break  through  the  latter  so  that 
we  have  a  natural  artesian  escape.  The  waters 
which  flood  the  lower  end  of  the  valley  come 
not  only  down  the  surface  of  the  valley  past 
the  upper  edge  of  the  clay  cover,  but  also 
through  the  gravels  and  up  through  these  nat- 
ural artesian  vents.  In  this  way  the  water  of 
the  flooded  surface  is  in  direct  continuity  with 
water  contained  in  the  buried  gravels.  "When 
the  flood  subsides  the  water  gradient,  of  course, 
falls  to  a  point  at  first  determined  by  the  level 
of  the  edge  of  the  clay  cover  between  Liver- 
more  and  Pleasanton  and  then  to  lower  posi- 
tions determined  by  the  draft  made  upon  the 
gravels  at  the  lower  end  of  the  valley.  But  even 
with  the  heaviest  draft  that  has  thus  far  been 
made  upon  these  gravels,  the  water  gradient 
has  fallen  but  a  few  feet  and  has  never  reached 
the  gravels  themselves  in  the  lower  part  of  the 
valley.  These  always  remain  full  and  under  a 
head  which  causes  the  water  to  rise  well  up 
into  the  overlying  clay  cover.  The  effect  of 
even  the  heaviest  draft  that  has  yet  been  made 
upon  this  reservoir  is  to  lower  the  level  of  the 
water  in  the  gravels  near  the  intake  and  so 
cause  the  gradient  to  fall  a  very  moderate 
amount,  leaving  the  great  body  of  the  gravels 
constantly  full  of  water. 

Regulation  of  Floods  Will  Contribute 
to  Economic  Control  of  Water. 

It  is  clear  from  these  facts  that  if  the  re- 
plenishment of  the  gravels  at  their  intake 
could  be  regulated,  so  that  a  much  larger  pro- 
portion of  the  normal  annual  run-off  of  the  Ar- 


royo del  Valle  and  the  Arroyo  Mocho  could  be 
caused  to  enter  the  gravels  at  their  intake  in- 
stead of  running  off  in  floods,  then  the  draft 
upon  the  gravels  at  the  lower  end  of  the  valley 
could  be  very  greatly  increased.  In  fact,  as 
I  see  it,  the  only  way  to  make  use  of  the  largest 
possible  proportion  of  the  available  waters 
coming  into  Livermore  Valley,  is  to  force  the 
draft  on  the  gravels  at  the  lower  end  of  the 
valley  so  as  to  keep  the  water  gradient  perma- 
nently low.  The  effect  of  this  will  be  to  keep 
the  gravels  at  the  intake  from  being  gorged 
with  water.  They  will  always  be  in  a  recep- 
tive condition  to  absorb  the  waters  that  come 
to  them.  Of  course  in  times  of  extreme  heavy 
flood  the  water  would  still  rush  over  the  in- 
take, but  this  loss  would  be  greatly  minimized. 
The  restraint  of  the  floods  by  dams  in  the 
canons  of  the  Arroyo  del  Valle  and  the  Arroyo 
Mocho  would  greatly  contribute  to  this  eco- 
nomic control  of  the  water.  Such  reservoirs  of 
the  flood  waters  could  be  drained  out  steadily 
during  the  summer  months  so  as  to  flow  into 
the  sinks  of  the  two  streams  between  Liver- 
more and  Pleasanton  and  thus  regularly  replen- 
ish the  gravels  which  are  at  the  same  time  being 
drawn  upon  at  the  lower  end  of  the  valley. 
In  this  scheme  of  regulated  replenishment  at 
the  intake  of  the  gravels  and  forced  draft  at 
the  lower  end  of  the  valley,  the  gravels  become 
merely  a  filter  on  a  large  scale.  If  the  floods 
of  winter  can  be  wholly  controlled,  and  that  is 
for  engineers  to  say,  then  the  whole  of  the 
waters  of  the  Arroyo  del  Valle  and  the  Arroyo 
Mocho  can  be  made  to  pass  into  the  gravels  if 
the  draft  at  the  lower  end  of  the  valley  can  be 
made  sufficiently  heavy  to  keep  the  water 
gradient  at  a  permanently  low  level.  Prom  this 
point  of  view,  and  assuming  that  the  flooti 
waters  of  the  Arroyo  del  Valle  and  Arroyo 
Mocho  can  be  wholly  controlled,  then  the  prob- 
lem of  the  available  water  supply  obtainable 
from  Livermore  Valley  may  be  reduced  to  very 
simple  terms.  Those  terms  are  that  all  the  run- 
off of  the  two  streams,  or  the  waters  that  they 
bring  to  the  valley  may  be  flltered  through  the 
gravels  of  the  Livermore  formation  and  com- 
pletely utilized  at  the  lower  end  of  the  valley. 

Estimated  Supply  From  Livermore 
Gravels  75  M.  G.  D. 

Estimating    the    hydrographic   basin    of    the 
Arroyo  del  Valle  and  the  Arroyo  Mocho  as  200 
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square  miles  and  the  annual  run-off  from  this 
area  as  8  inches  of  the  total  rainfall,  the  sup- 
ply available  figures  out  about  75  million  gal- 
lons daily.  This  is  of  course  a  theoretical  value 
and  must  be  discounted  for  the  exceptionally 
dry  winter,  but  on  the  average  it  is  not  far 
from  the  truth.  It  has  at  least  this  value, 
that  it  is  an  expression  for  the  limits  of  the 
supply  and  good  engineering  -will  undoubtedly 
in  the  course  of  years  work  up  gradually  and 
eventually  very  closely  to  this  limit. 

Conclusions  Reached  Independent 
of  Water  Bearing  Capacity  of 
Orindan  Gravels. 

Now  you  will  observe  that  this  discussion 
and  the  conclusions  reached  are  quite  inde- 
pendent of  any  consideration  of  the  water  bear- 
ing capacity  of  the  Orindan  gravels.  I  have 
shown  that  the  Livermore  gravels  occupy  the 
floor  of  a  valley  carved  out  of  the  Orindan. 
In  the  Orindan  of  the  hills  south  of  Pleasanton 
there  are  thick  beds  of  feebly  cemented  gravel, 
and  these  undoubtedly  pass  under  the  Livet- 
more  gravels  across  the  floor  of  the  valley  in 
which  the  latter  lie.  In  other  words,  the 
Livermore  gravels  lie  uneonformably  upon  the 
worn  edges  of  various  horizons  of  the  more  or 
less  inclined  Orindan  formation.  It  results 
from  this  that  the  Orindan  gravels  below  Liver- 
more Valley  and  also  those  below  the  hills 
south  of  Pleasanton  up  to  the  level  of  the  water 
table  of  Livermore  Valley  are  saturated  with 
water  to  an  unknown  but  very  great  depth — 
several  hundred  feet  at  least.  In  one  point  of 
view  these  Orindan  gravels  constitute  a  very 
large  underground  storage  of  water  in  addi- 
tion to  the  storage  capacity  of  the  Livermore 
gravels.  But  I  do  not  see  that  they  contribute 
anything  to  the  available  supply  since  from  the 
foregoing  discussion  it  must  be  apparent  that 
such  supply  is  limited  absolutely  by  the  in- 
flow to  Livermore  Valley,  and  this  for  prac- 
tical purposes  is  measured  by  the  discharge  of 
the  canons  of  the  Arroyo  del  Valle  and  the 
Arroyo  Moeho.  The  outcropping  edges  of  these 
Orindan  gravels  do,  to  be  sure,  afford  addi- 
tional intake  facilities  feeding  the  underground 


reservoir;  and  the  continuity  of  these  gravels 
from  the  floor  of  Livermore  Valley  through  the 
hills  to  Sunol  Valley  may  be  of  importance 
from  an  engineering  point  of  view  in  the  prac- 
tical exploitation  of  the  supply,  but  the  ex- 
istence of  this  deeper  reservoir  in  the  Orindan 
formation  can  never  add  to  the  available  total 
supply  from  this  general  basin.  It  might,  how- 
ever, be  drawn  upon  by  heavy  pumping  in 
times  of  emergency  such,  for  example,  as  an 
earthquake  disaster  affecting  adversely  the 
galleries  at  the  lower  end  of  Livermore  Valley. 
It  is  of  course  of  interest  to  know  that  there 
is  a  large,  deep  reservoir  of  underground  water 
below  the  Livermore  gravels  and  should  it  turn 
out,  contrary  to  my  present  expectation,  that 
it  is  desirable  to  exploit  this  reserve  I  should 
be  happy  to  give  further  consideration  to  the 
matter. 

Sunol  Valley. 

Sunol  Valley  is  veneered  with  the  flood  plain 
gravels  of  Alameda  Creek,  but  the  Orindan 
gravels  which  lie  to  the  north  of  Sunol  as  well 
as  those  exposed  in  the  stream  cliff  south  of  the 
town  dip  in  a  general  southeasterly  direction 
beneath  the  valley  floor.  It,  therefore,  appears 
extremely  probable  that  there  is  a  considerable 
body  of  Orindan  gravel  below  the  valley  and  that 
these  would  have  a  greater  depth  toward  the  east 
side  than  elsewhere.  These  gravels  are  probably 
in  thick  strata  separated  by  sandy  clay,  and  it 
may  be  necessary  to  go  through  one  or  more  beds 
of  this  sandy  clay  before  reaching  the  main  body 
of  the  gravel.  I  am  not  quite  clear  as  to  how 
this  water  in  the  gravels  below  Sunol  Valley 
could  be  exploited  without  interfering  with  the 
existing  filtering  plant,  as  I  am  not  familiar 
with  the  details  of  that  plant.  As  I  have  al- 
ready pointed  out,  the  Orindan  gravels  are 
probably  continuous  from  Sunol  Valley 
through  the  hills  to  Livermore  Valley,  and  a 
heavy  draft  on  the  Sunol  portion  of  the  Orin- 
dan underground  reservoir  would  doubtless 
affect  the  water  gradient  at  the  lower  end  of 
the  Livermore  valley. 

Yours  sincerely, 

ANDREW    0.  LAWSON. 


PROF.  BRANNER  AND  PROF.  LAWSON  IN  ACCORD  ON  THE 
CONCLUSION  THAT  LIVERMORE  VALLEY  IS  A 
GREAT  STORAGE  BASIN,  CAPABLE  OF 
ENORMOUS  DEVELOPMENT 


Leland  Stanford  Junior  University. 
Office  of  the  Vice-President. 

Stanford  University,  Gal.,  June  3,  1912. 

S.  P.  Eastman,  Esq.,  Spring  Valley  "Water  Com- 
pany, San  Francisco,  Cal. 
Dear  Sir : 

Dr.  A.  C.  Lawson  has  kindly  sent  me,  with 
your  approval,  a  copy  of  his  report  made  to  you 
on  the  underground  water  conditions  of  the  Liv- 
ermore  Valley  and  dated  May  31,  1912. 

In  view  of  Professor  Lawson 's  conclusions,  it 
does  not  seem  necessary  for  me  to  do  more  than 
to  call  your  attention  to  the  fact,  mentioned  by 
Professor  Lawson  himself,  that  in  so  far  as  the 
Spring  Valley  Water  Company's  interests  are 
concerned,  we  are  substantially  in  accord. 

I  regard  this  agreement  upon  the  main  facts 
as  of  the  greatest  importance  to  the  company, 
for  it  suggests,  if  it  does  not  prove,  that  how- 
ever geologists  may  approach  the  problems  in- 
volved, whether  the  gravels  have  been  let  down 
by  faulting  or  by  folding,  the  inevitable  con- 
clusion is  that  the  Livermore  Valley  is  a  great 
storage  basin  of  unusual  and  remarkable  struc- 
ture, and  capable  of  enormous  development. 

Very  truly  yours, 

J.  C.  BRANNEK. 
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ERRONEOUS  GEOLOGICAL  CONCLUSIONS  ON  FORMATION 

OF  LIVERMORE  VALLEY  ADOPTED  IN 

FREEMAN  REPORT 


BY 


Dr.  J.  C.  Branneb, 
Geologist. 


Stanford  University,  Cal.,  Oct.  4,  1912. 
S.  P.  Eastman,  Esq., 

Manager,  Spring  Valley  Water  Company, 
San  Francisco,  Cal. 

Dear  Sir : — This  is  in  reply  to  the  memoranda 
sent  me  in  regard  to  geological  points  mentioned 
in  Mr.  John  R.  Freeman's  report  to  the  Mayor 
and  City  Attorney  of  the  City  of  San  Francisco 
on  the  Hetch  Hetchy  water  supply. 

"^Phe  page  numbers  here  used  refer  to  the  pages 
of  Mr.  Freeman's  printed  report  bearing  date  of 
July  15,  1912. 

At  pages  190-191  Mr.  Freeman  appears  to  ac- 
cept without  question  the  correlations  made  of 
the  gravel  and  other  beds  in  the  Livermore  Val- 
ley region  by  Mr.  C.  Williams,  and  at  pages 
200-201  he  even  regards  my  statements  as  con- 
firming the  statements  and  conclusions  of  Mr. 
Williams. 

I  have  already  stated  in  my  letter  of  July 
3d,  1912,  and  I  here  reaffirm  my  conviction  that 
my  experience  of  such  deposits  leads  me  to  con- 
clude that  most  of  the  geologic  correlations 
made  by  Mr.  Williams  in  his  report  on  the 
Livermore  Valley  are  not  only  not  to  be  trusted, 
but  that  they  are  a  source  of  serious  vs^eakness 
in  all  the  conclusions  based  upon  them.*  I 
myself  attempted  to  make  such  correlations, 
using  the  well  logs  over  the  same  region.  In 
order  to  leave  as  little  as  possible  to  the  imagi- 
nation, my  sections,  in  place  of  having  an  ex- 
aggerated vertical  scale,  were  platted  to  the 
same  horizontal  and  vertical  scales. 

I  found  that  where  the  wells  are  only  a  short 

Freeman  are  based  upon  these 


*The  conclusions  of  Mr, 
geological  sections. 


distance  apart  trustworthy  correlations  are  pos- 
sible, but  as  the  distance  apart  of  the  wells 
increases,  correlations  not  only  become  worth- 
less, but  they  are  liable  to  be  entirely  mislead- 
ing. 

The  sections  given  at  pages  89  and  90  illustrate 
what  I  mean.  In  one  group  near  the  pumping 
station  west  of  Pleasanton  the  wells  are  only  50 
feet  apart,  and  the  materials  passed  through  can 
be  identified  readily  and  correlated  with  reason- 
able certainty.  But  it  is  one  thing  to  correlate 
a  gravel  bed  by  means  of  well  logs  50  feet  apart ; 
it  is  quite  another  matter  to  correlate  beds  over 
a  distance  of  three  thousand  feet  without  inter- 
vening wells  to  support  the  correlation.  At  page 
90  such  correlations  are  made  repeatedly. 

The  streams  in  which  these  gravels  were  laid 
down  were  little  if  any  larger  than  the  Arroyo 
del  Valle  of  to-day,  and  only  occasionally  are 
the  gravel  deposits  of  that  stream  more  than  a 
couple  of  hundred  feet  wide.  To  be  sure,  the 
gravel  deposits  might  be  identified  with  greater 
certainty  over  longer  distances  if  we  could  study 
them  along  the  axes  of  the  streams,  but  unfor- 
tunately we  cannot  be  sure  of  the  axes  of  the 
ancient  streams,  owing  to  their  meanders. 

So  far,  therefore,  as  this  is  a  geological  prob- 
lem, I  feel  that  Messrs.  Schussler,  MulhoUand 
and  Grunsky  wisely  omitted  to  make  the  correla- 
tions undertaken  by  Mr.  Williams  and  com- 
mended by  Mr.  Freeman  at  pages  190  and  193. 

At  page  191  it  is  said  that  some  exposed  beds 
classed  as  gravel  by  me  were  inspected  by  Mr. 
Freeman's  assistant,  who  found  them  nearly  im- 
pervious as  regards  practical  water  supply.  The 
statement  is  quite  correct  as  it  stands,  but  it  is 
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also  quite  misleading.  The  gravel  beds  referred 
to  in  this  statement  are  the  older  Pliocene  grav- 
els, sands,  and  clays  that  underlie  the  whole  or 
nearly  all  of  the  valley,  and  are  described  in  my 
report  to  you  under  date  of  May  6,  1912. 

It  is  a  feature  of  .such  deposits  that  the  porous 
beds  invariably  break  down  under  weathering 
agencies,  while  the  more  impervious  ones  resist 
and  form  the  natural  outcrops. 

If  one  examines  the  outcrops  of  the  water- 
bearing deposits  of  the  Santa  Clara  Valley,  he 
finds  the  exposed-  beds  almost  invariably  appar- 
ently water-tight.  But  wells  put  down  in  this 
same  series  of  beds  find  abundant  water. 

Another  point  in  regard  to  beds  that  appear 
on  their  outcrops  to  be  impervious  is  that  it  not 
infrequently  happens  that  they  are  impervious 
on  account  of  oxidation  and  alteration  of  the 
materials  when  they  have  been  long  exposed  to 
weathering,  while  the  same  beds,  under  deep 
cover,  may  be  quite  porous.  An  interesting  case 
illustrating  this  fact  occurred  here  at  Stanford 
University  some  years  ago:  An  excavation  was 
made  for  an  artificial  lake  in  a  bed  of  Pliocene 
gravels  that  appeared  on  the  outcrops  to  be  quite 
impervious.  When  the  work  was  done  and  the 
water  was  turned  into  the  basin,  it  ran  out  about 
as  fast  as  it  ran  in,  while  the  water  in  wells  about 
Menlo  Park,  two  miles  away,  rose  considerably 
above  the  usual  level. 


These  and  many  other  illustrations  that  I 
might  cite  lead  me  to  infer  that  the  Pliocene 
beds  south  of  Pleasanton  may  reasonably  be 
regarded  as  water-bearing  until  the  contrary 
is  shown  to  be  the  case.  As  a  matter  of  fact, 
there  are  at  least  two  artesian  wells  near 
Pleasanton  receiving  their  waters  from  these 
Pliocene  beds,  and  you  are  quite  right  in  think- 
ing that  I  regard  them  as  conclusive  evidence 
that  these  gravels  will  yield  water ;  and  I  think 
that  any  geologist  would  agree  with  me. 

At  page  197  it  is  stated  that  the  foundation 
of  the  Sxuiol  gallery  rests  on  an  impervious 
bottom. 

Everything  I  know  of  the  geology  of  that  val- 
ley leads  me  to  infer  that  the  bulk  of  it  is  filled 
with  gravels,  sands,  and  clays  to  a  depth  of 
several  hundred  feet.  The  exact  depth,  however, 
cannot  be  predicted  with  certainty,  owing  to  the 
presence  of  local  faults;  but  inasmuch  as  most 
of  the  vallejr  is  carved  in  the  hard  black  Creta- 
ceous shales  that  are  well  exposed  through  the 
Niles  canyon,  there  can  be  no  doubt  about  the 
bed  rock  when  that  is  reached,  for  it  is  of  ma- 
terials entirely  different  from  the  filled-in 
materials. 

Very  truly  yours, 

J.  C.  BRANNER, 
Consulting  Geologist. 


A  REVIEW  OF   CERTAIN   CONCLUSIONS   PRESENTED  BY 

MR.   JOHN   R.  FREEMAN  ON  THE  DEPENDABLE 

YIELD  OF  THE  ALAMEDA  SYSTEM  OF  THE 

SPRING  VALLEY  WATER  COMPANY 


BY 

Wm.  Mulholland. 
Chief  Engineer  Los  Angeles  Aqueduct, 

AND 
J.  B.  LiPPINCOTT, 

Assistant  Chief  Engineer  of  the  Los  Angeles  Aqueduct. 


There  has  been  presented  to  the  Board  of 
Army  Engineers,  as  requested  by  the  Secretary 
of  the  Interior,  a  number  of  reports  dealing 
with  the  resources  of  the  Spring  Valley  Water 
Company,  of  which  one  report  by  Mr.  P.  C. 
Herrmann,  Chief  Engineer  of  the  Spring  Val- 
ley Water  Company,  fully  discusses  the  avail- 
able water  supply  owned  and  controlled  by 
the  Company. 

Thorough  Studies  Made  of 
Alameda  System. 

Mr.  Herrmann  was  born  and  raised  at  San 
Jose  and  received  his  engineering  training  at 
Berkeley,  all  practically  in  the  district  under 
discussion.  His  professional  work  has  in- 
cluded official  water  supply  investigations  for 
the  federal  government,  and  responsible  charge 
of  extensive  hydraulic  works.  He  is  sur- 
rounded by  a  corps  of  engineers,  some  of  whom 
have  spent  years  of  study  and  observation  of 
the  Spring  Valley  system.  To  assist  this  regu- 
lar engineering  organization,  he  has  called  in 
consultation  Dr.  J.  C.  Branner,  Vice-President 
of  Stanford  University,  and  Dr.  A.  C.  Lawson, 
Professor  of  Geology  of  the  University  of  Cali- 
fornia, both  eminent  geologists,  especially 
familiar  with  the  bay  regions  through  years 
of  geological  study  thereof.  He  also  has  had 
in  consultation  the  engineering  staff  of  J.  G. 


White  and  Company,  Mr.  George  G.  Anderson, 
an  eminent  engineer  of  Denver,  Captain 
A.  0.  Powell,  C.  E.  of  Seattle,  and  General 
Hiram  M.  Chittenden,  retired,  of  the  corps  of 
engineers  of  the  United  States  Army.  Gen- 
eral Chittenden  has  specialized  for  years  on 
the  hj'drography  of  arid  America.  All  of  these 
gentlemen,  together  with  ourselves,  have  gone 
over  the  districts  under  discussion  in  the  re- 
ports, in  detail  with  Mr.  Herrmann  and  have 
conferred  with  him  both  in  the  field  and  in 
the  office.  The  deliberations  have  been  ex- 
tensive and  a  mass  of  data  has  been  compiled 
by  Mr.  Herrmann  and  his  assistants  which  is 
presented  in  their  reports.  It  therefore  fol- 
lows that  the  conclusions  reached  by  Mr. 
Herrmann  are  worthy  of  respectful  considera- 
tion and  should  be  given  weight  in  reaching 
final  judgment. 

Mr.  Herrmann  has  presented  a  report  which 
is  a  clear  and  concise  review  of  much  detailed 
matter  contained  in  seven  appendices  and  many 
maps  and  diagrams  which  are  referred  to 
therein.  It  is  not  in  the  nature  of  a  report 
produced  under  high  pressure  in  the  short 
period  of  two  or  three  months'  time  by  one 
who  is  a  non-resident  and  but  briefly  familiar 
with  Pacific  Coast  conditions,  and  the  ordinary 
sources  of  our  domestic  water  supplies,  cover- 
ing one-third  of  the  second  largest  state  in  the 
Union,     involving     estimates     of     construction 
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cost  running  into  staggering  figures  and  un- 
precedented plans,  but  is  rather  the  findings  of 
men  who  have  made  good  in  their  life  work  in 
this  particular  locality. 

Livertnore  Valley  Gravels. 

It  is  the  conclusion  of  Mr.  Herrmann  that  the 
Livermore  Valley  gravels  are  good  for  a  safe 
yield  of  55.38  M.  G.  D.  of  pure  water,  when  the 
Arroyo  Valle  reservoir,  the  site  for  which  the 
Company  owns,  is  constructed.  The  figures  are 
based  upon  mass  curve  studies  of  the  capacity 
of  the  Arroyo  Valle  reservoir  to  regulate  the 
flood  waters  of  that  stream  to  such  an  extent 
that  the  gravels  of  the  lower  valley  can  abstrb 
them,  as  determined  by  actual  observations  on 
that  stream  itself.  He  has  determined  the 
capacity  of  the  Livermore  gravels  by  a  survey 
of  their  surface  area,  a  collection  of  well  logs, 
geologic  studies  and  field  determinations  of  the 
void  content  of  the  aggregates.  In  turn  a  mass 
study  has  been  made  of  the  hypothetical  status 
of  this  underground  reservoir  during  the  period 
of  the  last  23  years,  during  which  gagings  have 
been  made  on  the  lower  reaches  of  Alameda 
Creek,  and  five  years'  Arroyo  Valle  gagings. 
His  deductions  are  clear  and  logical. 

Calaveras  and  Upper  Alameda 
Streams. 

Mr.  Herrmann  has  made  a  similar  study  of 
the  supply  available  from  the  Calaveras  and  up- 
per Alameda  streams,  the  reservoir  sites  and 
much  of  the  watershed  of  which  the  Company 
owns.  Studies  of  run-off  have  been  made,  based 
upon  the  observed  flow  at  Niles  and  Sunol  dur- 
ing the  23-year  period  and  12  years'  stream 
record  at  Calaveras.  A  mass  curve  has  been 
drawn  for  a  dam  and  reservoir  capacity  as 
recommended  to  the  Company  for  the  Calaveras 
site  by  Mr.  Freeman  of  55,000  M.  G.  capacity. 
Due  allowance  is  made  by  Mr.  Herrmann  for 
evaporation  and  surplus  from  the  reservoir  and 
he  concludes  there  is  a  safe  available  supply 
therefrom  of  60.14  M.  G.  D.  This  water  will 
come  from  a  high  mountainous  catchment  area 
of  133.62  square  miles,  almost  devoid  of  occupa- 
tion and  the  quality  of  the  water  is  unques- 
tioned. Mr.  Freeman  recommends  the  construc- 
tion of  this  dam,  both  to  the  Company  and  to 
the  City  of  San  Francisco. 


San  Antonio  and  Sunol. 

On  the  San  Antonio  branch  of  Alameda 
Creek  is  another  reservoir  site,  which  the  Com- 
pany owns,  of  11,674  M.  G.  capacity,  with  a 
tributary  catchment  area  of  38.7  square  miles 
of  mountains.  Mr.  Herrmann  in  a  similar  way 
has  computed  its  safe  yield  at  8.92  M.  G.  D.  To 
secure  the  position  of  the  Company  against  ad- 
verse claimants,  both  physically  and  legally,  it 
has  purchased  37,000  acres  in  and  surrounding 
them,  together  with  the  14,600  acres  of  riparian 
lands  along  the  streams  to  tide  water  in  San 
Francisco  Bay.  This  is  in  addition  to  pur- 
chases in  Livermore  Valley  by  the  Company. 
The  holdings  of  the  Company  in  the  Alameda 
System  aggregate  over  55,000  acres. 

There  are  49.08  square  miles  of  drainage  area, 
ranging  from  200  to  3,800  feet  in  elevation, 
that  is  not  controlled  by  any  of  the  regulations 
above  referred  to.  This  is  tributary  to  the 
Sunol  gravels,  which  are  1,300  acres  in  area, 
all  owned  by  the  Company  and  with  a  Icnown 
depth  of  200  feet  and  an  estimated  storage 
capacity  of  at  least  10,000  M.  G.  for  an  average 
depth  of  100  feet.  The  surplus  waters  from  the 
Calaveras  and  the  San  Antonio  will  also  pass 
over  this  gravel  bed,  the  efficiency  of  which  is 
already  established  by  the  Company's  filtra- 
tion galleries.  Other  waters  escaping  from 
Livermore  Valley  can  be  cheaply  diverted  onto 
this  area. 

By  the  use  of  wells  and  pumps  to  an  average 
depth  of  100  feet  Mr.  Herrmann  estimates  that 
the  Sunol  gravels  may  be  relied  upon  to  pro- 
duce 11.36  M.  G.  D.  of  water  of  good  quality. 

The  following  conclusion  is  reached  as  to  the 
total  available  safe  yield  from  the  Alameda 
Creek  System,  with  its  620.5  square  miles  of 
area: 

DEPENDABLE    SAFE    YIELD    FROM    THE    ALA- 
MEDA SYSTEM. 

M.  G.  D. 

Calaveras  and  Upper  Alameda 60 .  14 

San  Antonio    8.92 

Sunol   Gravels    11.36 

Arroyo    Valle      Reservoir    and    Liver- 
more Gravels    55.38 

Total   135.80 

The  estimated  average  gross  water  crop  from 
this  entire  basin,  including  evaporation  and 
wastes,  is  given  as  173.39  M.  G.  D.  for  the  23- 
3'ear  period  for  which  gagings  are  available,  of 
which  the  135.80  M.  G.  D.  may  be  conserved.  The 
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Company  is  now  obtaining  but  16  M.  G.  D.  from 
this  source  and  is  holding  the  available  balance 
for  the  future  necessities  of  the  City  of  San 
Francisco,  exclusive  of  the  streams  on  the  coast 
side  of  the  Peninsula.  Even  if  the  claims  of  the 
Niles  Cone  must  be  recognized  to  the  extent  that 
Mr.  Freeman  suggests  (30  M.  G.  D.),  which  is 
not  here  admitted,  there  remains  an  available 
supply  from  Alameda  Creek  alone,  the  quality 
of  which  cannot  be  questioned,  equal  to  three 
times  the  present  consumption  of  the  City  of 
San  Francisco.  This  supply  is  large  enough  to 
at  least  relieve  the  apprehension  of  the  present 
generation.  In  addition,  Mr.  Herrmann  esti- 
mates the  supply  that  may  be  obtained  from 
Peninsular  streams  on  the  western  or  ocean 
slope,  on  which  the  Water  Company  owns 
riparian  rights,  as  51.2  M.  G.  D.  This  is  a  region 
of  heavy  precipitation,  of  practically  no  agri- 
cultural possibilities,  the  water  crop  from  which 
wastes  directly  into  the  ocean. 

COMMENTS    ON   MR.  FREEMAN'S 
REPORT. 

The  purpose  in  writing  our  reports  of  Febru- 
ary and  July,  1912,  concerning  the  available 
water  supply  in  the  Livermore  Valley,  was  with 
the  hope  of  assisting  the  Spring  Valley  Water 
Company,  and  through  it  the  City  of  San  Fran- 
cisco, to  meet  the  increased  demands  owing  to 
the  rapid  growth  of  the  city,  and  particularly 
to  meet  extraordinary  demands  for  water  an- 
ticipated   by    the    Panama-Pacific    Exposition. 

Our  report  of  February,  1912,  was  made  in 
response  to  inquiries  of  the  Spring  Valley 
Water  Company,  it  having  in  contemplation  ex- 
tensive purchases  of  additional  property  in  the 
Livermore  Valley  and  was  for  the  purpose  of 
expressing  our  views  in  regard  to  the  prospect 
of  developments  in  addition  to  those  already  in 
use  by  the  Spring  Valley  Water  Company.  Pur- 
suant to  that  report  the  Company  subsequently 
made  extensive  purchases,  partly  on  the  basis 
of  the  conclusions  of  our  report. 

Mr.  John  R.  Freeman,  consulting  engineer  for 
the  City,  finds  in  his  report  of  July  15,  1912 
(p.  97),  that  "As  a  whole,  the  additional  quan- 
tity available  from  all  the  sources  owned  by  the 
Spring  Valley  Water  Company  is  probably  no 
more  than  sufficient  to  supply  the  increasing  de- 
mand until  the  Hetch  Hetehy  works  could  be 


completed,    if    begun    within    the    next    three 
years. ' ' 

Productivity  of  Livermore  Valley 
SO  Million  Gallons  Daily. 

The  fact  that  we  consider  it  possible  to  obtain 
about  50  M.  G.  D.  in  the  Livermore  Valley,  as 
we  have  done  in  the  valley  of  the  Los  Angeles 
River,  was  not  and  is  not  considered  by  our- 
selves as  an  objection  or  opposition  to  the  grant- 
ing of  rights  of  way  to  the  City  of  San  Fran- 
cisco for  the  Hetch  Hetehy  aqueduct.  We  are 
not  antagonistic  to  the  Hetch  Hetehy  project  for 
the  ultimate  needs  of  the  communities  around 
San  Francisco  Bay.  We  believe  that  it  would 
be  just  as  unnecessary  and  just  as  unfair  for 
the  engineers  and  officers  of  the  Spring  Valley 
Company  to  oppose  the  granting  of  these  rights 
to  San  Francisco  and  her  affiliated  cities,  as  it  is 
for  the  representatives  of  San  Francisco  to  be- 
little the  local  available  water  supplies  which  are 
now  required  by  the  City  and  which  we  believe 
to  exist  in  the  basin  of  Alameda  Creek,  and  for 
them  to  build  up  such  a  public  sentiment  and 
array  of  alleged  physical  facts  as  will  tend  to 
incite  opposition,  bitterness  and  litigation 
against  the  Spring  Valley  Water  Company,  or 
its  successors,  in  its  efforts  to  meet  the  neces- 
sities of  the  City. 

Spring  Valley  Water  Company 

Not  Antagonistic  to  Sierra  Supply. 

Nothing  has  been  said  in  any  of  the  reports 
which  we  have  seen  by  any  of  the  representatives 
of  the  Spring  Valley  Company  in  opposition  to 
the  City 's  claims  for  a  Sierra  water  supply.  The 
Secretary  of  the  Interior,  however,  has  specifi- 
cally requested  the  Spring  Valley  Water  Com- 
pany to  file  a  statement  with  the  Department, 
showing  the  extent  of  the  local  water  supply 
and  of  their  water  systems,  and  they  naturally 
and  properly  object  to  having  properties  that 
they  have  been  cherishing  and  developing  for 
a  generation  and  upon  which  they  have  spent 
millions  of  money,  unfairly  belittled. 

As  engineers  of  the  Los  Angeles  aqueduct,  we 
have  taken  pleasure  in  freely  placing  before  the 
numerous  investigators,  representing  the  City 
of  San  Francisco,  all  the  data  and  statistics  that 
were  available,  showing  the  cost  of  the  con- 
struction  of  the   Los   Angeles   aqueduct,    as   a 
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guide  in  making  estimates  for  the  Heteh  Hetchy 
project.  This  data  has  been  accepted,  used  and 
published  by  them.  We  feel  an  interest  in  see- 
ing successful  completion  of  this  great  enter- 
prise, which  we  believe  in  part  to  have  been 
stimulated  by  the  energies  of  our  city.  Yet 
when  we  asked  for  conferences  with  Mr.  Free- 
man at  which  we  could  discuss  the  differences 
which  had  arisen  between  us  relative  to  physi- 
cal facts  in  the  basin  of  Alameda  Creek  we  were 
surprised  at  being  denied  this  privilege,  and  we 
are  equally  astonished  that  our  reports  and  esti- 
mates on  the  Livermore  Valley,  which  also  were 
presented  to  him,  have  been  made  the  subject  of 
practically  a  hostile  attack,  in  view  of  the  fact 
that  we  believe  that  these  local  supplies  are 
necessary  and  valuable  for  the  health  and  safe- 
ty of  the  metropolitan  community. 

Mr.  Freeman  in  Position 
of  Trader. 

On  page  194,  Mr.  Freeman  states  that  in  esti- 
mating the  available  water  supply  from  Ala- 
meda Creek  "the  buyer  should  have  the  benefit 
of  doubts."  He  considers  in  his  report  that 
every  doubtful  question,  and  apparently  in 
every  question  involving  judgment,  all  the  de- 
cisions should  be  east  against  the  Spring  Valley 
Water  Company.  This  is  very  apparent  in  read- 
ing his  report.  Mr.  Freeman  places  himself  in 
the  position  of  a  trader  who  wishes  to  get  the 
best  possible  price  for  his  client  and  as- 
sumes that  the  way  to  accomplish  this  is 
to  depreciate  the  property.  He  says  on 
page  190:  "In  the  purchase  of  a  mine, 
or  of  anything  where  the  element  of  value 
has  dimly  defined  boundaries,  it  is  the 
general  principle  of  business  to  construe  the 
doubt  mainly  in  favor  of  the  purchaser,  and  it 
is  invariably  the  rule  of  conservative  engineers 
to  decide  the  doubtful  points  on  the  side  of 
safety  when  planning  a  domestic  water  supply. 
In  his  reports  on  the  water  supply  for  the  City 
of  Brooklyn,  quoted  in  detail  by  Mr.  Herrmann, 
it  is  stated  that  the  underground  sources  of 
water  supply  may  be  determined  there  with 
certainty.  This  course  may  possibly  be 
good  trading,  but  it  is  not  judicial, 
nor  is  it  scientific  reporting.  These  re- 
ports should  be  a  presentation  of  facts 
to  a  board  of  engineers.  Possibly  he  con- 
siders this  trading  attitude  justified  by  the  fact 


that  the  City  is  now  negotiating  for  the  purchase 
of  the  property  of  the  Spring  Valley  Water 
Company,  and  also  that  he  desires  to  show  a 
dire  necessity  on  the  part  of  this  community, 
in  his  application  to  the  Secretary  of  the  In- 
terior. This,  however,  has  nothing  to  do  with 
an  application  for  a  right  of  way  over  public 
lands.  In  case  of  the  purchase  of  this  property 
by  the  City  it  is  feared  that  the  report  which 
Mr.  Freeman  has  written  will  be  the  cause  of 
grave  embarrassment  to  the  municipality  in  the 
development  which  he  considers  necessary  in  the 
Alameda  Creek  basin. 

Prejudicial  Attitude  Shown  in 

Constant  Reference  to  Alleged 
Legal  Difficulties  of  Spring 
Valley  Supply. 

The  prejudicial  attitude  which  Mr.  Freeman 
has  taken  (page  94)  is  indicated  by  his  per- 
sistent reference  to  the  legal  difficulty  of  de- 
priving the  lands  of  Niles  Cone  of  their  water 
supply,  and  yet  (on  p.  175)  he  states  that  while 
the  total  output  from  this  cone  is  14  M.  G.  D., 
8y2  M.  G.  D.  of  this  amount  is  being  diverted 
for  uses  outside  of  the  cone,  by  other  domestic 
water  companies,  about  8  M.  G.  D.  being  sent  to 
Oakland  and  %  M.  G.  D.  to  Haywards,  and  in 
stating  the  legal  inability  of  the  Spring  Valley 
Water  Company  to  utilize  extensively  the  waters 
of  Alameda  Creek  he  makes  no  reference  to  the 
fact  that  the  Company  has  bought  over  55,000 
acres  of  land  in  that  drainage  basin  to  protect 
its  rights ;  that  it  owns  complete  riparian  hold- 
ings from  the  Livermore  Valley  and  the  Cala- 
veras reservoir  site,  through  to  San  Francisco 
Bay,  and  that  it  has  purchased  over  6,500  acres 
of  water  bearing  land  at  a  cost  exceeding  two 
million  dollars,  in  the  strategic  portion  of  the 
Livermore  Valley  where  the  greatest  opportuni- 
ties exist  for  the  development  of  the  under- 
ground water,  and  in  localities  where  the  flood 
waters  would  naturally  sink  into  the  ground. 
These  latter  lands  have  a  most  direct  and  posi- 
tive bearing  both  on  the  ability  of  the  Spring 
Valley  Water  Company  to  withdraw  water  from 
the  Valley  and  also  as  a  protection  against  the 
encroachment  of  local  users,  which  Mr.  Freeman 
so  fears. 

No  Reference  Made  to  Possible 
Legal  Complications  of 
Sierra  Supply. 

On  the  other  hand,  we  have  seen  no  reference 
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in  Mr.  Freeman's  report,  to  the  legal  complica- 
tions which  would  arise  from  taking  500  million 
gallons  daily  (775  sec.  ft.)  from  one  of  the  most 
important  rivers  of  California,  away  from  the 
largest  valley  in  the  state,  where  irrigation  is 
essential,  and  yet  in  its  infancy,  removing  it 
from  its  drainage  basin  and  using  it  for  do- 
mestic supplies  around  San  Francisco  Bay,  in 
the  face  of  adverse  rulings  of  our  courts. 

The  City  of  Los  Angeles  considered  it  neces- 
sary to  purchase  130,000  acres  of  land,  includ- 
ing both  banks  of  the  Owens  River,  from  the 
diversion  point  of  the  Los  Angeles  aqueduct  to 
the  mouth  of  the  river  at  Owens  Lake,  and  in- 
cluding many  miles  of  riparian  lands  around  the 
lake,  and  thousands  of  acres  of  irrigated  lands, 
to  protect  its  proposed  diversion.  The  necessity 
for  similar  procedure  has  been  recognized  in 
the  past  by  the  Spring  Valley  Water  Company, 
as  may  be  noted  from  maps  showing  its  holdings 
on  both  sides  of  the  Bay,  which  indicate  the 
completeness  with  which  it  has  guarded  against 
the  attacks  of  lower  riparian  claimants. 

Evaporation  Losses  Enlarged  Upon. 

Again,  Mr.  Freeman  enlarges  upon  evapora- 
tion losses  that  will  occur  from  storage  reservoirs 
which  may  be  built  in  the  drainage  basin  of 
Alameda  Creek.  He  places  these  at  from  8  to 
10  M.  G.  D.  On  page  199,  in  discussing  the 
evaporation  losses  from  swamp  lands  near  Pleas- 
anton,  he  considers  the  estimates  used  by  us  as 
too  low.  We  believe  these  losses  to  be  over  12 
M.  G.  D.  This  is  an  absolute  loss  of  no  benefit 
whatever  to  the  people  in  the  jSTiles  Cone  or  any- 
where else.  The  stopping  of  this  evaporation 
loss,  which  is  proposed  by  us,  would  be  a  true 
conservation  of  a  lost  natural  resource.  More 
careful  and  elaborate  studies  than  were  possible 
for  us  to  make  have  been  prepared  since  we 
called  attention  to  this  subject  last  February. 
Mr.  Charles  A.  Lee,  who  has  made  a  special 
study  of  this  subject  for  the  City  of  Los  Angeles 
and  also  for  the  United  States  Geological  Survey, 
estimates'  this  loss,  which  may  be  saved,  at  15.7 
M.  G.  D..  and  Mr.  F.  C.  Herrmann,  having  stud- 
ied the  subject  during  the  past  summer,  places 
it  (Appendix  D)  at  an  average  of  20  M.  G.  D. 
for  the  last  23  years,  while  the  figure  used  by 
i;s  was  12  M.  G.  D.,  or  more.  Yet  Mr.  Freeman 
gives  no  credit  to  the  Spring  Valley  Water  Com- 
pany for  its  ability  to  lower  the  water  plane  by 


pumping  and  thus  save  this  loss.  This  amount 
alone  is  as  much  as  Mr.  Freeman  is  willing  to 
admit  can  be  obtained  in  the  way  of  an  addi- 
tional water  supply  from  the  entire  620  square 
miles  of  Alameda  Creek,  involving  in  his  esti- 
mate one  unit  alone,  the  construction  of  the 
Calaveras  Dam,  at  his  estimated  expenditure  of 
two  years  in  time  and  two  and  one-half  millions 
in  money.  The  evaporation  loss  is  mostly  oc- 
curring on  lands  that  are  now  owned  by  the 
Spring  Valley  Water  Company. 

Weir  Measurements  at  Niles  and 
Sunol  Dams  not  Exaggerated. 

Again,  in  discussing  the  weir  measurements 
(pp.  84-5),  made  at  the  Niles  Dam,  Mr.  Free- 
man calls  attention  to  the  fact  that  these  weir 
measurements  indicate  excessive  volumes,  be- 
cause the  head  on  the  weir  is  submerged  and  be- 
cause of  eddies  in  the  approaching  stream;  yet 
he  ignores  the  fact  that  the  velocity  of  approach 
to  this  weir  would  be  very  high,  probably  as  great 
as  from  10  to  15  feet  per  second,  and  that  the 
bay  above  the  weir  being  filled  with  gravel  will 
prevent  complete  contraction  of  the  jet.  Both 
of  these  factors  would  tend  to  make  the  indicated 
flow,  as  computed  by  the  Francis  weir  formula, 
too  low,  and,  judging  from  observations  made  on 
models  and  elaborate  computations  made  by  a 
number  of  eminent  engineers,  these  two  factors 
more  than  compensate  for  the  submergence  of  the 
weir. 

The  figures  taken  from  the  tables  of  the  Spring 
Valley  Water  Company,  based  on  Mr.  Sehussler  's 
formula,  which  is  a  form  of  the  Francis  formula, 
and  which  have  been  used  by  various  engineers 
in  this  discussion  for  the  twenty-two-year  period 
from  1889  to  1911,  amount  to  137.7  M.  G.  D. 
The  flow  for  this  period  as  computed  by  Mr. 
George  G.  Anderson  was  158  M.  G.  D.,  and  the 
flow  computed  by  means  of  the  Le  Coute  and 
Herrmann  models  for  the  Spring  Valley  Water 
Company,  was  1491/2  M.  G.  D.  The  computa- 
tions of  the  committee  of  engineers  appointed 
at  the  request  of  Mr.  Freeman,  consisting  of 
Messrs.  Grunsky,  Marx  and  Hyde,  which  were 
made  for  the  City  of  San  Francisco,  (Page  82) 
have  not  been  published  by  Mr.  Freeman,  but 
as  he  accepts  Mr.  Sehussler 's  results,  it  is  to  be 
inferred  that  their  computations  show  at  least 
as  much  as  Mr.  Sehussler 's  figures.     Their  re- 
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port  should  be  presented  to  the  Board  of  Army 
Engineers. 

Coming  back  to  the  gaging  at  the  Niles  and 
Sunol  Dams,  which  afford  the  basis  from  which 
proceeds  all  the  discussions  of  the  surface  yield 
of  the  Alameda  watersheds,  it  will  be  noticed 
that  Mr.  Freeman  deduces  the  strange  conclusion 
that  all  the  conditions  in  which  these  dams  de- 
part from  true  weirs  militate  against  accuracy 
on  the  side  of  exaggeration  of  the  discharge  and 
offers  in  support  of  his  contention  views  of  dif- 
ferent stages  of  flow  on  the  Sunol  Dam.  Two 
of  the  views,  Nos.  7  and  8,  show  the  river  in  mod- 
erate flood  and  are  accompanied  by  the  note  that 
they  were  computed  by  the  Spring  Valley  Water 
Company  as  for  ideal  weir  conditions. 

If  this  were  the  case  and  all  the  other  flood 
discharges  were  computed  likewise,  without 
doubt  the  discharge  has  been  minimized  at  all 
times  when  the  depth  over  the  lip  of  the  dam 
exceeded  two  feet  or  probably  even  at  a  lesser 
depth. 

In  the  Freeman  report  the  view  marked  No. 
7  is  shown  as  a  noteworthy  example  of  the  ef- 
fect of  the  backwater  presumably  in  retarding 
the  velocity  over  the  dam,  whereas  as  a  matter 
of  fact  the  flat  trajectory  of  the  onrushing  tor- 
rent clearly  indicates  a  velocity  far  in  excess 
of  what  would  be  induced  by  a  four-foot  depth 
of  water  over  an  ideal  weir. 

The  mean  velocity  of  overfall  in  an  ideal  weir, 
considering  the  entire  notch  area  for  a  depth  of 
four  feet  is  about  6  2-3  feet  per  second  and  prob- 
ably in  the  very  center  of  the  vena  contraeta 
does  not  exceed  7%  feet,  while  here  we  have  a 
stream  with  a  fall  of  26  feet  per  mile  bounding 
tumultuously  down  its  course  with  a  velocity 
that  the  most  conservative  stream  flow  formula 
will  not  place  at  less  than  10  feet  per  second 
and  supremely  contemptuous  of  such  puny  ob- 
struction as  this  dam  offers  to  restrain  its  be- 
havior to  conform  to  the  placid  requirements  of 
the  Francis  formula. 

Surely  this  is  a  case  where  not  the  remotest 
semblance  of  the  essential  conditions  for  the  use 
of  this  elegant  and  classic  formula  exists.  The 
double  wonder  is  first  that  this  dam  should  be 
regarded  as  a  weir,  when  it  came  to  the  meas- 
urement of  considerable  flows  and  secondly  that 
Mr.  Freeman  with  his  oft  repeated  expressions 
of  caution  and  after  his  evident  examination  of 


the  channel  in  which  he  pronounced  it,  "excel- 
lently straight"  should  hold  and  express  the 
opinion  that  the  obstruction  exaggerated  the 
actual  flow. 

The  catchment  area  of  the  Alameda  Creek 
Basin  is  one  which,  from  its  fan-like  shape  and 
subdivision  into  many  finger-like  branches  of 
comparatively  short  distance  to  their  mountain- 
ous heads,  favors  the  rapid  delivery  of  floods  to 
the  common  outlet  at  Niles  Canyon,  hence  is  it 
not  worthy  of  note  that  the  greatest  recorded 
measurements  only  show  by  the  system  used  in 
computing  the  discharges,  45  second  feet  per 
square  mile  in  a  region  of  such  copious  precipi- 
tation, comparatively  little  of  which  is  in  the 
form  of  snow,  as  against  a  discharge  of  over  100 
second  feet  per  square  mile  for  the  Los  Angeles 
River,  with  storms  of  less  intensity  and  much 
less  favorable  topography  for  rapid  runoff. 

In  view  of  all  these  facts  the  conclusion  is 
justified  that  the  amount  of  runoff,  during  floods 
of  even  moderate  intensity  is  greatly,  if  not 
grossly,  minimized.  Surely  if  the  accepted  meas- 
urements are  correct,  Alameda  Creek  should  be 
awarded  a  medal  for  deportment. 

Is  there  any  logical  reason  to  be  assigned  to 
the  fact  that  the  San  Leandro  watershed  should 
yield  one-fifth  of  a  million  gallons  daily  per 
square  mile  into  Lake  Chabot  for  storage  in  ad- 
dition to  an  abundant  flood  flow  not  retained  by 
the  dam,  with  a  less  rainfall  than  the  neighbor- 
ing watershed  of  Alameda  Creek,  whose  total 
flow  is  not  in  this  voluminous  report  considered 
to  be  equal,  flood  waters  and  all,  to  half  this 
yield  ? 

Ultimate  Use  of  Surface  Reservoirs. 

On  page  187,  and  under  the  subject  heading 
"Practical  Yield  Smaller  than  Maximum  The- 
oretic", the  statement  is  made — "It  is  widely 
recognized  among  water  supply  experts  that  it 
is  disadvantageous  to  hold  stoiage  reservoirs 
partially  empty  continuously  over  more  than 
from  two  to  five  years  in  succession,  because  of 
the  growths  of  weeds  on  the  exposed  beds,  etc. ' ' 
This  on  the  authority  of  Stearns,  Fitzgerald 
and  other  water  supply  engineers.  If  memory 
may  be  relied  upon,  these  are  the  gentlemen 
who  required  the  stripping  of  surface  soil  for 
a  depth  of  from  three  to  eight  feet  in  the 
Wachussetts  Reservoir  site,  and  we  of  the  West 
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think  that  with  all  our  experience  in  reservoirs, 
we  may  be  permitted,  at  least  with  regard  to 
our  own  climatic  conditions,  to  dissent  from 
such  heroic  and  expensive  treatment. 

Experience  here  has  shown  that  areas  sub- 
merged are  much  benefited  by  occasional  ex- 
posure and  aeration,  the  process  tending  to  kill 
and  oxidize  the  water  organism  accumulating 
in  the  bottom  of  the  reservoir  and  in  general 
sweetening  the  ground.  The  assumption  that 
the  growth  of  land  plants  over  the  uncovered 
area  will  not  be  prevented  implies  more  than  a 
physical  change  and  carries  with  it  the  idea  of 
a  complete  revolution  in  the  social  condition 
of  the  country,  calling  as  it  does  for  the  utter 
extinction  and  disappearance  from  our  social 
life  of  that  much  exploited  character  "The  man 
with  the  hoe".  It  svirely  would  not  prove  an 
expensive  matter  and  does  not  in  fact  prove  very 
expensive  to  keep  the  margins  of  receding  lakes 
free  from  the  growth  of  land  plants,  and  there 
is  nothing  in  the  contention  that  reservoirs 
should  not  be  drained  below  certain  levels,  as 
their  contents  should  be  available, .  when  neces- 
sary, to  the  full  extent  of  their  capacities.  It 
would  prove  an  unfortunate  experience  for  the 
City  of  Los  Angeles  in  her  Aqueduct  enterprise 
should  this  theory  of  the  complete  unwatering 
of  a  reservoir  be  applicable  to  the  Long  Valley 
Reservoir  site,  for  instance,  and  Mr.  Freeman 
in  his  very  valuable  report  on  that  project  gave 
no  hint  of  impending  danger  from  this  cause. 
It  might  be  asked  "What  are  reservoirs  for  if 
they  are  never  to  be  emptied?" 

We  fail  to  see  any  merit  in  the  proposition 
that  a  water  works  should  not  be  developed  to 
the  utmost  extent,  especially  with  relation  to 
conveniently  located  supplies,  as  it  might  fre- 
quently happen  that  the  very  last  million  gal- 
lons that  might  be  thus  obtained  would  have  the  . 
utmost  importance  in  tiding  over  the  effects  of 
some  unforeseen  catastrophe.  This  is  especially 
true  where  the  ultimate  development  involves 
no  greater  relative  expenditure  than  that  of  any 
earlier  portion  of  the  work.  The  City  of  Los 
Angeles  has  been  enabled  to  proceed  with  her 
present  rapid  development  only  by  resorting 
to  the  very  ultimate  exploitation  of  her  present 
water  resources.  Another  noteworthy  proof  is 
the  existing  full  development  of  the  Peninsular 
water  supply  of  the  Spring  Valley  Water  Co. 


Underground  Waters. 

Among  the  exhibits  of  Mr.  Freeman's  report 
on  page  89,  is  what  purports  to  be  a  number 
of  sectional  views  of  the  alluvial  formations  of 
the  Livermore  Valley  by  Cyril  Williams,  Jr. 
As  an  instance  of  the  cavalier-like  method  used 
in  interpolating  between  wells,  attention  is 
called  to  the  horsetail-like  mergence  of  the  gravel 
beds  shown  at  the  right  hand  end  of  Plate  E  W 
6,  into  a  huge  bed  of  clay. 

This  extraordinary  formation  is  easily  under- 
stood by  anyone  having  knowledge  of  the  va- 
garies of  the  average  well  borer's  classifications 
of  material.  In  Southern  California  astonish- 
ment is  often  experienced  at  the  productive 
yield  of  some  wells  with  but  a  few  feet  thick 
of  gravel  underlying  beds  of  so-called  clay.  The 
phenomenon  is  accounted  for  by  the  fact  that 
this  material  is  found  to  be  charged  with  water, 
notwithstanding  a  high  clay  content,  which  driz- 
zles down  freely  over  a  broad  area,  when  the  sub- 
lying  gravel  is  relieved  by  pumping.  There  are 
frequent  instances  within  our  knowledge  of  this 
condition  in  Southern  California. 

If  the  gravel  of  the  valley  formations  was  the 
only  material  that  yielded  water,  over  one-half 
of  the  productive  irrigated  area  of  Southern 
California  would  still  be  a  sheep  pasture. 

It  will  be  generally  conceded  that  "Gravels 
will  not  give  out  more  than  they  drink  in",  but 
materials  other  than  actual  clean  gravels  also 
absorb  water  and  when  gravel  veins  or  sheets 
are  interbedded  with  it,  giving  facility  for  un- 
derdraining  it,  the  process  of  unwatering  it  is 
easily  affected  by  the  medium  of  wells,  as  is  done 
on  a  large  scale  in  Southern  California  in  for- 
mations absolutely  similar  in  character  to  that 
of  the  Livermore  Valley.  In  fact  it  may  be 
here  stated  that  all  the  large  cities  and  towns 
in  Southern  California  except  San  Diego  are 
supplied  by  ground  water,  alone  and  not  includ- 
ing the  City  of  Los  Angeles,  their  joint  popula- 
tion aggregates  nearly  300,000,  and  the  City  of 
Los  Angeles  itself,  with  a  population  of  over 
400,000  is  supplied  with  what  virtually  is  ground 
water,  making  a  grand  total  of  approximately 
three-quarters  of  a  million  people. 

Our  faith  in  the  undergroimd  water  supply 
is  based  upon  years  of  investigation  and  devel- 
opment in  Southern  California  on  account  of 
the  limited  nature  of  the  surface  streams.    South 
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of  the  Tehachapi  during  a  normal  summer  there 
is  over  twice  as  much  water  developed  from  un- 
derground sources  as  is  or  ever  was  diverted 
from  surface  reservoirs  and  streams.  Prom  ex- 
tensive federal  investigations  we  believe  that  the 
future  development  of  the  state  for  irrigation 
and  domestic  supplies  south  of  San  Francisco 
and  Sacramento,  will  depend,  to  a  greater 
extent,  upon  the  development  of  underground 
water  than  from  the  building  of  storage  reser- 
voirs for  the  impounding  of  floods. 

Mr.  Freeman  shows  (Page  176)  of  his  report 
that  during  the  year  1911,  69%  of  the  total 
supply  of  the  People's  Water  Company  used  in 
Berkeley,  Alameda  and  Oakland,  came  from  un- 
derground sources.  Nearly  one-half  of  the  pres- 
ent supply  of  the  Spring  Valley  Water  Com- 
pany comes  from  underground  sources  from  the 
basin  of  Alameda  Creek.  He  is  familiar  with 
the  fact  that  the  entire  supply  of  the  City  of 
Los  Angeles  of  45  M.  6.  D.,  which  is  an  amount 
greater  than  the  total  use  of  the  City  of  San 
Francisco,  all  comes  from  underground  waters. 
In  addition,  the  domestic  supplies  of  Fresno, 
Stockton,  San  Bernardino,  Rtedlands,  Riverside, 
Pomona,  Long  Beach,  Santa  Ana,  Pasadena  and 
Santa  Barbara  all  are  derived  completely  from 
underground  sources.  For  the  portion  of  the 
state  south  of  Sacramento  very  few  communi- 
ties use  surface  waters.  Mr.  Freeman  has  had 
important  and  extensive  connection  with  the  de- 
velopment of  the  underground  water  supplies 
for  the  City  of  Brooklyn.  Mr.  Herrmann  quotes 
him  as  follows:  "I  am  inclined  to  regard  the 
underground  water  stored  in  the  interstices  of 
the  saturated  yellow  gravel  above  the  blue  clay, 
as  affording  the  very  best  of  storage,  ample  in 
volume,  removed  from  pollution  and  in  many 
ways  cheaper  and  better  than  the  storage  to  be 
obtained  from  surface  ponds  or  reservoirs." 
(Page  537,  Report  on  New  York  Water  Supply.) 
Consequently  it  is  difficult  to  justify  his  state- 
ment given  on  page  191  of  his  San  Francisco 
report  that  "Surface  reservoirs  here  promise 
better  than  those  underground",  and  that  from 
his  studies  of  similar  problems  on  Long  Island, 
for  the  City  of  New  York,  he  doubts  the  feas- 
ibility of  reclaiming  any  large  amount  of  water 
here. 


Good  Judgment  Shown  by  Spring 
Valley   Water  Company  in 
Purchase  of  Livermore 
Valley  Lands. 

The  Spring  Valley  Water  Company  has 
shown  its  entire  good  faith  in  its  claims  for  an 
extensive  undergTound  supply  from  Alameda 
Creek  in  that  it  has  purchased  6,000  acres  of 
water-bearing  land  in  the  Livermore  Valley  at 
a  cost  of  over  two  million  dollars,  and  also  the 
water-bearing  lands  in  the  Sunol  Valley  to  the 
extent  of  1,300  acres.  By  regulating  the  flood 
waters  of  the  largest  tributary  to  the  Livermore 
Valley  in  the  Arroyo  Valle  Reservoir,  Mr. 
Schussler  estimates  that  46  M.  G.  D.  can  be  ob- 
tained from  that  source,  while  Mr.  George  An- 
derson considers  48  M.  G.  D.  available  Mr.  P.  C. 
Herrmann,  Chief  Engineer  of  the  Spring  Val- 
ley Water  Company,  and  his  assistants,  place 
this  figure  at  55.38  M.  G.  D.  and  we  have  de- 
termined it  at  a  maximum  of  51i/>  M.  G.  D., 
provided  the  Arroyo  Valle  floods  are  regulated. 
Mr.  Freeman  (Page  97)  states  that  the  estimates 
made  by  Mr.  Schussler  and  ourselves  are  "gross 
exaggerations"  and  assigns  to  the  Pleasanton 
region  little  or  no  value  above  the  "6  M.  G.  D." 
now  being  developed  (Page  190).  The  best 
answer  on  the  part  of  the  Company  to  this  crit- 
icism is  to  put  in  the  wells  and  the  pumping 
plants  near  Pleasanton  and  to  start  actual  de- 
velopment. This  they  are  now  doing  upon  the 
recommendation  of  their  Chief  Engineer  and 
of  ourselves.  The  Cbmpanies  officials  have  the 
fullest  confidence  in  the  safe  dependable  iilti- 
mate  yield  of  this  source. 

Similarity  Between  Livermore  and 
San  Fernando  Valleys. 

We  are  naturally  continually  impressed  with 
the  similarity  between  the  Livermore  and  San 
Fernando  Valleys.  We  have  discussed  this  more 
at  length  in  a  letter  which  we  prepared,  calling 
attention  to  the  development  of  underground 
water  in  Southern  California,  and  to  which  we 
again  call  your  attention.  The  various  tribu- 
taries of  the  Los  Angeles  River  discharging  on 
to  the  fill  of  the  San  Fernando  Valley  are  mostly 
absorbed  by  it,  without  surface  storage  regula- 
tion and  reappear  in  the  lower  portions  of  the 
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valley  in  surface  streams,  filtration  galleries  and 
wells.  While  the  area  of  the  Livermore  Valley 
above  its  narrows  is  but  406  square  miles,  that 
of  the  San  Fernando  Valley  is  503  square  miles, 
but  the  high  mountainous  portion  of  the  Liver- 
more  Basin  is  257  square  miles  above  the  Arroyo 
Valle  Reservoir  site  and  the  Mocho,  against  174 
square  miles  of  high  mountains  in  the  basin  of 
the  Los  Angeles  River.  The  foothill  area  of 
Livermore  Valley  is  138  square  miles  and  of  San 
Fernando  153  square  miles.  The  rainfall  in  the 
basin  of  the  Livermore  Valley  is  greater  than  in 
the  ease  of  the  San  Fernando  Valley,  and  the 
valley  fill  near  Livermore  is  as  favorable  to  the 
development  of  underground  water.  The  out- 
put of  ground  water  in  the  San  Fernando  Val- 
ley is  fully  50  M.  G.  D.  and  we  see  no  reason 
why  that  from  the  Livermore  Valley  should  not 
be  as  great,  especially  if  the  major  floods  are 
regulated  through  the   Arroyo  Valle  Reservoir. 

Storage  Capacity  of  Livermore 
Gravels. 

The  situation  in  the  San  Fernando  Valley  has 
been  under  our  personal  observation  and  study 
during  the  last  twenty  years,  and  it  is  sustain- 
ing the  domestic  requirements  today  of  a  city 
of  over  400,000  people.  What  has  been  done  in 
the  San  Fernando  Valley  has  been  done  in  many 
other  localities  in  Southern  California.  These 
facts  are  unusual  to  the  eastern  engineer  and 
consequently  are  difficult  for  him  to  appreciate. 

Mr.  Herrmann,  from  an  extended  study  of 
the  area  of  the  valley,  the  logs  of  wells  and  the 
voids  in  the  gravels,  places  the  storage  capacity 
of  the  underground  reservoir  of  Livermore  Val- 
ley at  87,000  M.  G.  D.  for  a  depth  of  but  100 
feet,  or  greater  than  the  surface  capacity  of  the 
Calaveras,  San  Antonio  and  Arroyo  Valle  Res- 
ervoirs combined.  He  shows,  by  a  mass  curve 
study  for  the  controlling  dry  years,  that  the  Ar- 
royo Valle  Reservoir  can  regulate  the  floods  of 
this  main  feeder  of  the  valley  to  a  maximum 
flow  of  250  M.  G.  D.  and  that  from  actual  ob- 
servations of  the  rate  at  which  the  gravels  in 
the  valley  have  absorbed  flood  waters  that  were 
measured,  this  amount  will  naturally  sink  into 
the  underground  reservoir.  He  shows  that  the 
floods  of  the  Mocho,  except  in  years  of  excessive 
stream  flow,  all  sink  without  any  regulation. 
He  makes  a  mass  curve  study  of  the  conditions 


of  the  water  plane  in  the  underground  reservoir 
during  the  cycle  of  controlling  dry  years  and 
concludes  that  55.38  M.  G.  D.  can  be  safely  with- 
drawn from  these  gravels.  His  argument  is 
clear,  logical  and  convincing.  The  value  of  this 
underground  storage  is  enhanced  by  the  fact  that 
it  may  be  used  in  conjunction  with  and  supple- 
mental to  the  surface  reservoirs  on  the  Pen- 
insula. 

Evaporation  Loss  Reduced 
to  Minitnum. 

One  marked  advantage  in  storing  and  obtain- 
ing underground  waters  is  that  they  may  be 
handled  in  such  manner  as  to  be  practically  free 
from  evaporation  losses  or  pollution.  The  stor- 
age capacities  of  these  underground  gravel  beds 
are  enormous,  and  as  in  the  case  of  the  Liver- 
more Valley,  far  in  excess  of  ordinary  surface 
storage  reservoirs.  The  world-wide  rule,  re- 
ferred to  by  Mr.  Freeman  on  page  188,  that  one 
should  "seldom  or  never  go  beyond  what  the 
records  show  can  be  depended  upon  during  the 
two  or  three  consecutive  years  of  smallest  known 
discharge ' '  does  not  apply  to  these  underground 
gravel  beds.  The  application  of  such  a  rale  to 
the  water  supplies  in  the  Southwest  would  con- 
demn almost  every  hydraulic  enterprise  in  that 
region.  While  evaporation  losses  in  the  arid 
regions  from  surface  reservoirs  through  a  period 
of  five  or  six  years  of  holdover  is  serious,  it  does 
not  follow  that  these  losses  occur  when  under- 
ground bodies  of  water  are  covered  by  eight  or 
more  feet  of  soil. 

Livermore  Valley  Floods. 

The  estimates  which  we  have  made  on  the  water 
supply  from  the  Livermore  Valley  are  based  on 
mass  curves  covering  a  period  of  the  eight 
driest  years,  beginning  with  1897-8.  Mr.  Free- 
man estimates  that  a  material  portion  of  the 
flood  water  from  the  drainage  basin  tributary 
to  Livermore  Valley  would  pass  over  the  gravels 
unabsorbed,  and  he  shows  the  record  of  daily 
gagings  on  the  Sunol  Dam  to  confirm  his  state- 
ment (Page  87).    This  is  unfair  because: 

1st.  He  selects  one  of  the  highest  floods  of 
record. 

2nd.  The  greater  portion  of  the  high  flood 
waves  that  pass  over  the  Sunol  Dam  come  from 
the  more   precipitous  portion   of  the   drainage 


A  WEALTH  OF  HYDROGRAPHIC   DATA  AVAILABLE. 


241 


basin  southeasterly  from  Sunol,  which  produce 
two-thirds  of  the  water  crop,  which  waters  do 
not  pass  over  the  Livermore  gravel  beds  at  all. 
If  from  the  waters  which  pass  over  the  Sunol 
Dam,  that  quantity  originating  in  the  Calaveras, 
San  Antonio  and  Upper  Alameda  drainage  area 
is  deducted,  then  a  very  different  appearing  hy- 
drograph  than  that  shown  by  Mr.  Freeman  on 
page  87  will  be  obtained. 

3rd.  The  saturated  gravels  of  the  Livefmore 
Valley  cannot  act  as  a  regulator  when  they  are 
already  charged  as  at  present,  or  until  the  water 
plane  has  been  lowered  by  extensive  withdrawals. 

4th.  That  with  the  construction  of  the  Ar- 
royo Valle  Reservoir  the  flood  waves  that  are 
now  being  discharged  to  the  Livermore  Valley 
can  be  regulated,  as  is  demonstrated  by  Mr. 
Herrmann  for  the  year  shown  by  Mr.  Freeman, 
at  such  rate  as  to  permit  of  their  absorption.  In 
dry  years  there  would  be  complete  regulation. 

5th.  That  we  have  suggested  the  diversion 
of  the  flood  waters  from  the  northerly  portion 
of  the  Livermore  Basin  on  to  the  gravel  beds  in 
the  southern  portion  of  the  Livermore  Valley 
or  on  to  Sunol  Valley.  This  should  be  done  par- 
ticxilarly  when  the  Calaveras  and  San  Antonio 
Dams  are  built. 

Stream  Gagings. 

Mr.  Freeman  makes  extensive  criticisms  of 
the  stream  records  of  the  Spring  Valley  "Water 
Company.  This  Company  has  kept  a  daily  record 
of  gage  heights  and  of  the  quantities  of  under- 
ground water  developed  in  the  Alameda  Creek 
Basin  for  a  period  of  twenty-three  years.  There 
is  a  fair  agreement  between  the  computations 
that  have  been  made  by  Mr.  Herrmann 
Schussler,  Mr.  George  G.  Anderson,  and 
by  Messrs.  Le  Conte  and  Herrmann,  from 
experiments  with  models.  The  record  which 
has  been  used  is  that  of  Mr.  Schuss- 
ler, which  is  the  lowest  of  the  three.  The  com- 
putations by  Messrs.  Grunsky,  Marx  and  Hyde 
have  not  been  presented  to  the  Board  of  Engi- 
neers. In  a  letter  which  has  been  written  by 
Mr.  Lippincott  to  the  Manager  of  the  Spring 
Valley  Water  Company  for  presentation  to  the 
Board  of  Army  Engineers,  a  copy  of  which  has 
been  sent  to  the  Hydrographer  of  the  United 
States  Geological  Survey  at  "Washington,  it  is 
shown  that  the  computations  of  discharge  made 


by  the  United  States  Geological  Survey  for  the 
Niles  Dam,  and  which  they  specifically  state  in 
"Water  Supply  Paper  No.  81,  are  considered  in- 
accurate, were  based  on  testimony  given  in  a 
certain  lawsuit  in  which  fragmentary  records 
of  gage  heights  alone  were  given  for  a  weir  de- 
scribed as  60  feet  long.  No  computations  of 
flow  whatever  were  given  in  this  testimony,  nor 
were  they  then  available.  There  were  no  criti- 
cisms or  corrections  made  of  any  computations 
by  the  Company,  as  stated  by  Mr.  Freeman.  The 
original  records  of  computations  by  the  Geologi- 
cal Survey  have  been  examined  and  they  clearly 
show  that  no  weir  lengths  in  excess  of  60  feet 
were  taken  into  consideration.  It  is  now  fully 
known  by  all  who  are  familiar  with  this  discus- 
sion that  when  the  heights  on  this  60-foot  weir 
exceeded  one  foot,  the  length  of  the  weir  became 
greatly  enlarged  and  for  this  reason  the  compu- 
tations of  the  Geological  Survey  show  quantities 
far  too  small  for  flood  discharges.  This  govern- 
ment record  calls  attention  to  this  fact,  but  there 
was  no  adequate  appreciation  of  the  extent  of 
this  inaccuracy  at  the  time  the  federal  compu- 
tations were  made. 

Considering  the  long  gage  record  on  the  Niles 
and  Sunol  weirs,  despite  their  defects,  besides 
the  gagings  at  Calaveras  and  Arroyo  Valle,  and 
the  extensive  hydrographic  data  on  the  Penin- 
sula, there  are  few  instances  in  the  "West  where 
so  much  is  available  for  the  consideration  of  the 
engineer  engaged  in  making  studies  of  a  new 
source  of  water  supply. 

During  the  past  fifteen  years,  the  City  of  San 
Francisco  has  had  under  consideration  the  ex- 
tension of  the  water  systems  for  this  Bay  Region. 
There  has  been  almost  continued  discussion  of 
the  water  supply  during  this  period,  and  it  would 
appear  that  the  City  had  plenty  of  opportunity 
to  have  made  extended  investigations  and  obtain 
such  data  as  it  might  have  deemed  necessary. 

Surface  Storage  vs.  Groundwater. 

Mr.  Freeman  states  (Page  160  M.)  that  the 
Calaveras  Dam  should  be  built  to  a  height  of 
250  feet,  at  a  cost  which  he  estimates  at  two  and 
one-half  million  dollars,  that  it  will  require  two 
years  to  build  it,  and  at  least  one  year  to  fill  it, 
and  that  perhaps  if  he  has  years  of  fair  rain- 
fall, a  supply  of  20  M.  6.  D.  may  be  obtained- 
therefrom  while  the  Hetch  Hetchy  tunnels  are 
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being  driven.  As  compared  with  this  estimate, 
we  believe  that  either  the  Spring  Valley  Water 
Company  or  its  possible  successor,  the  City  of 
San  Francisco,  can  take  the  lands  now  owned  by 
the  Company  in  the  Livermore  Valley  and  in  the 
Sunol  Valley,  and  by  the  erection  of  pumping 
plants  and  wells  at  an  expense  of  approximately 
two  hundred  thousand  dollars,  they  can  get 
an  additional  supply  greater  than  this  amount 
within  the  six  months  that  it  would  be  necessary 
to  install  this  equipment;  that  these  under- 
ground reservoirs  am  already  filled  with  pure 
filtered  water,  the  quality  of  which  Mr.  Free- 
man so  highly  commi  iids ;  that  these  diversions 
can  be  increased  grad  lally  as  necessities  require, 
and  that  the  amount  of  water  that  can  be  ulti- 
mately so  obtained  will  be  double  that  which 
Mr.  Freeman  estimates  as  available  from  Cala- 
veras Reservoir,  irrespective  of  whether  the 
years  are  wet  or  dry,  at  a  cost  of  less  than  ten 
per  cent  of  his  estimate  of  cost  of  the  Calaveras 
Dam.  Surely  under  conditions  even  remotely 
approximating  the  figures  given  above,  it  would 
appear  that  the  development  of  the  groundwater 
supply  should  precede  the  construction  of  Cala- 
veras Dam. 

On  page  197  Mr.  Freeman  describes  the  Sunol 
filter  bed  as  having  its  foundation  resting  for 
nearly  its  entire  length  upon  a  hard,  impervious 
stratum  of  mingled  gravel,  sand  and  clay.  With- 
in the  past  few  months  the  Spring  Valley  Water 
Company  has  put  down  several  wells  in  the 
Sunol  Valley  and  found  the  depth  of  open,  por- 
ous and  satuated  gravel  to  be  much  greater 
than  the  average  hundred  feet  that  Mr.  Her- 
mann estimates  he  desires  to  pump  from.  (See 
Mr.  Herrmann's  appendix  E  for  logs.) 

Mr.  Freeman  refers  (Page  86)  to  the  surface 
slope  of  the  Livermore  Valley  of  from  20  to  25 
feet  to  the  mile,  and  that  these  gravels  drain 
down  quickly  on  account  of  this  slope.  This 
slope  we  consider  a  distinct  advantage  in  connec- 
tion with  the  pumping  of  deep  wells  located  in 
the  lower  end  of  the  valley.  He  says :  "Long  be- 
fore autumn,  whatever  storage  came  into  these 
upper  gravel  beds  during  the  flood,  has  drained 
out  down  to  the  level  of  this  outlet".  The  pro- 
files of  the  waterplane  in  the  valley  and  its  con- 
tours clearly  indicate  that  Mr.  Freeman  is  mis- 
taken. Mr.  Williams'  profile  of  the  waterplane 
in  the  fall  of  1911,  prepared  for  Mr.  Freeman. 


shows  distinctly  a  slope  giving  a  rise  of  250  feet 
above  the  outlet  in  a  distance  of  six  miles. 

On  Page  68  Mr.  Freeman  claims  that  the  fil- 
tering of  turbid  flood  water  into  the  gravels  clogs 
them,  which  statement  is  not  in  harmony  with 
that  on  the  previous  page,  which  indicates  that 
they  now,  are  producing  from  8  to  17  M.  G.  D. 
by  drainage.  The  Sunol  filtration  galleries 
have  now  been  in  effective  operation  for  12 
years  and  are  today  producing  as  freely  as  ever. 
In  the  San  Fernando  Valley  very  few  floods 
pass  entirely  over  the  gravel  beds  and  by  the 
city,  and  the  water  issues  entirely  clear  from 
the  lower  side  of  the  valley.  These  gravels  are 
as  clean  today  as  ever  and  who  can  count  the 
centuries  during  which  this  filtration  process 
has  been  going  on.  He  also  states  (Page  94)  that 
on  the  Niles  Cone  at  the  extreme  lower  end  of 
Alameda  Creek  (where  the  denser  materials 
naturally  would  be  expected  to  occur),  that  30 
M.  Gr.  D.  of  water  is  absorbed  during  the  floods 
in  about  eight  miles  of  river  channel,  and  he 
states  on  Page  175  that  14  M.  G.  D.  is  extracted 
from  these  gravels  on  the  Niles  Cone  and  that 
they  expect  to  extract  much  more.  He  ap- 
parently prefers  the  theory  that  the  gravel  beds 
ought  to  be  clogged  and  filled  to  the  fact  that 
they  are  not.  That  the  gravels  are  not  clogged 
is  proven  by  the  way  in  which  the 
fiood  waters  sink  not  only  in  the  Livermore 
and  Sunol  Valleys,  but  in  the  Niles  Cone  (which 
ease  he  exploits)  and  rise  again  in  artesian 
wells  and  springs  and  filter  galleries,  as  has  been 
shown  in  the  Livermore  Valley,  in  the  Sunol 
galleries,  and  in  the  Niles  Cone,  and  as  in  fact 
occur  on  most  of  the  delta  cones  of  the* 
southern  half  of  California.  On  Pages  92  and 
93  are  given  nine  views  showing  the  great 
amount  of  water  that  can  be  developed  by  pump- 
ing plants  on  the  Niles  Cone,  and  yet  no  views 
nor  any  reasonable  credit  is  given  to  the  possi- 
ble development  of  similar  water  from  the 
gravels  in  the  Livermore  Valley,  and  slight,  if 
any,  mention  is  given  of  the  large  number  of 
natural  artesian  wells  that  occur  in  that  region. 
One  is  constantly  forced  to  accept  Mr.  Free- 
man's own  statement  of  his  attitude  in  this  re- 
nort  on  Page  194,  that  "the  buyer  should  have 
the  benefit  of  the  doubt",  and  regard  him  as  a 
trader  in  this  case,  who  is  trying  to  get  posses- 
sion of  the  Spring  Valley  System  and  possibly 
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is  endeavoring  to  use  the  Hetch  Hetchy  rights 
which  he  is  seeking,  as  a  club  to  intimidate  the 
owners  of  the  present  city  water  works. 

Hydrographic  Data  Reliable. 

Mr.  Freeman  lays  particular  stress  on  the  un- 
certainty and  vagaries  that  occur  in  estimates 
of  stream  flow  which  are  based  on  computed 
rainfalls  and  doubtful  percentages  of  run-off 
from  various  types  of  drainage  basins.  Appar- 
ently the  effort  is  made  to  throw  the  responsi- 
bility for  this  method  of  estimating  upon  the 
representatives  of  the  water  company. 

Mr.  Cyril  Williams,  Jr.,  working  under  the 
direction  of  Mr.  Freeman,  has  very  extensively 
used  this  method  of  determining  the  water  crop 
from  the  entire  basin,  as  well  as  from  its  various 
divisions  and  Mr.  Freeman  commends  and  ac- 
cepts this  report.  There  was  less  use  made  by 
Mr.  Freeman  of  the  gagings  of  the  various  trib- 
utaries than  might  have  profitably  been  made. 
Mr.  Herrmann  has  reviewed,  in  his  report,  the 
old  records  at  Calaveras  and  Arroyo  Valle  and 
has  deduced  a  dependable  record  for  12  years 
at  Calaveras,  5  years  at  Arroyo  Valle,  and  with 
these  and  the  Sunol  records,  Mr.  Herrmann 
makes  his  deduction.  We  agree  with  Mr.  Free- 
man that  estimated  runoff  percentages,  based 
wholly  on  theoretical  rainfall  curves,  are  un- 
certain and  should  not  be  used  where  stream 
gagings  are  available.  The  only  purpose  on  our 
part  of  having  considered  run-off  curves  at  all 
was  to  give  a  check  for  our  own  satisfaction  of 
the  statements  of  stream  flow  presented  by  the 
Spring  Valley  Water  Company,  and  its  distri- 
bution to  the  various  portions  of  the  drainage 
area.  It  is  not  necessary  to  rely  wholly  on  data 
of  this  character  in  these  estimates. 

We  consider  that  the  investigations  of  the 
Livermore  Valley  that  have  been  made  by  Mr. 
Fred  H.  Tibbetts,  C.  E.,  are  scientific  and  com- 
prehensive, and  we  commend  them  to  the  Board 
of  Army  Engineers.  Particularly  Mr.  Tibbetts' 
measurements  of  the  movement  of  underground 
water  in  the  Livermore  Valley  (which  is  at  an 
unusually  high  rate),  show  not  only  the  direc- 
tion of  the  flow,  but  its  velocity.  It  demonstrates 
the  porous  character  of  the  valley  fill.  The  con- 
tours of  the  water  plane,  clearly  indicate  that 
there  is  a  broad,  and  sustained  movement  of 
the  underground  waters  of  the  westerly  portion 


of  the  Livermore  Valley  toward  the  outlet  of 
the  valley  southwest  from  Pleasanton.  This  un- 
derground body  of  water  is  continuous  and  con- 
aected,  else  these  contours  of  the  waterplane  and 
the  direction  of  movement  would  not  be  as  shown 
by  Mr.  Tibbetts.  Mr.  Herrmann  quotes  from 
Mr.  Freeman's  report  on  the  New  York  water 
supply  as  follows:  "Water  flows  down  hill  in 
percolating  through  porous  gravel  just  as  cer- 
tainly as  on  the  surface  and  by  determining  the 
elevation  of  the  ground  water  and  plotting  its 
contours,  the  direction  of  flow  and  the  true  limit 
of  the  watershed  could  be  made  known  with  cer- 
tainty. ' ' 

Valley  Fill  Is  Pervious. 

We  agree  with  Mr.  Freeman  and  Doctor  Bran- 
ner  that  the  deposits  in  the  valley  fill  are  in 
detail  lenticular  and  irregular,  consisting  of  al- 
ternate bodies  of  gravel,  clay  and  sandy  loam, 
but  the  clay  beds  are  not  in  the  nature  of  imper- 
vious barriers  or  dikes  or  broad  stratifications, 
but  the  alternate, bodies  of  clay  and  gravel  have 
been  laid  down  irregularly  by  the  floods. 

We  decidedly,  disapprove  of  the  efforts  that 
have  been  made  to  draw  continuous  stratifica- 
tions of  valley  fill  as  has  been  done  by  Mr.  Wil- 
liams on  Pages  89  and  90  of  Mr.  Freeman's  re- 
liort.  Dr.  Branner,  in  referring  to  the  sections 
presented  by  Mr.  Williams  and  used  by  Mr. 
Freeman  on  his  Page  89,  which  show  continuous 
stratifications  of  clay,  etc.,  says  that  Mr.  Wil- 
liams "has  drawn  conclusions  which  a  profes- 
sional geologist  would  not  venture  to  draw  and 
with  which  I  do  not  agree". 

Conclusions. 

In  conclusion  we  wish  to  maintain — 
1st.  The  reasonableness  of  developing  a  large 
quantity  of  water  which  we  estimate  at  50  M.  G. 
D.  from  the  gravel  beds  of  the  Livermore  Valley, 
and  that  this  development  does  not  rely  on 
working  along  new  and  uncertain  paths,  but  is 
based  upon  a  generation  of  continuous  exper- 
ience in  similar  localities  in  California. 

2nd.  That  it  is  unfair  either  to  the  interests 
of  the  City  of  San  Francisco  or  to  the  Spring 
Valley  Water  Company  to  assume,  in  presenting 
this  case  to  the  Secretary  of  the  Interior,  that 
the  city  is  in  the  nature  of  a  buyer  entitled  to 
the  benefit  of  the  doubt,  and  that  it  therefore 
becomes  necessary  for  the  representatives  of  the 
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city  to  depreciate  the  local  water  supply  and  to 
embarrass  the  development  in  the  Livermore 
Valley  by  skeptical  and  carping  reports  and  local 
agitations. 

3rd.  We  have  reviewed  Mr.  Herrmann's  re- 
port, covering  the  available  water  supply  from 
the  proposed  Calaveras  and  San  Antonio  reser- 
voirs and  from  the  further  development  of  the 
Sunol  gravels,  and  estimating  a  total  water  sup- 
ply from  the  Alameda  Creek  of  135.80  M.  G.  D. 
While  we  have  not  gone  through  the  computa- 
tions in  detail,  from  our  Imowledge  of  this  drain- 
age basin  and  many  others  in  the  state,  we  ac- 
cept Mr.  Herrmann's  conclusions  as  reasonable 
and  the  works  necessary  to  control  these  waters 
as  being  within  the  scope  of  good  engineering 
practice. 

We  desire  it  understood  that  we  are  not  an- 
tagonistic to  the  Hetch  Hetchy  grant,  when  it 
may  be  found  advisable  for  the  use  of  San  Fran- 
cisco, and  we  hope  that  in  accomplishing  this 


purpose  her  representatives  may  cease  to  fol- 
low the  policy  of  antagonism  and  opposition  as 
manifested  by  Mr.  Freeman  to  the  development 
of  local  supplies,  which  we  believe  to  be  imme- 
diately ,  important  for  the  service  of  the  great 
area  around  San  Francisco  Bay. 

During  this  discussion  we  have  noted  nothing 
on  the  part  of  the  officers  of  this  Company  save 
a  broad  minded,  liberal  policy  of  assistance  to 
this  community  either  in  the  Way  of  proceed- 
ing with  their  own  developments  to  meet  local 
requirements,  which  we  know  they  can  supply 
for  a  generation  to  come,  and  which  we  know 
would  be  a  great  economic  waste  to  neglect,  or 
in  stepping  aside  in  case  the  City  desires  to  take 
over  the  water  plant  and  proceed  with  a  more 
elaborate  metropolitan  water  system.  The  engi- 
neers of  the  company  naturally  object  to  seeing 
their  work,  which  is  the  result  of  years  of  care- 
ful labor,  criticised  unjustly  and  unnecessarily 
obstructed. 


DECIMALS 


WITH  REFERENCE  TO  CERTAIN  CRITICISMS  OF  JOHN  R. 
FREEMAN  ON  RELIABILITY  OF  HYDROGRAPHIC  REC- 
ORDS OF  SPRING  VALLEY  WATER  COMPANY 


BY 


F.  C.  Herrmann, 
Chief  Engineer  Spring  Valley  Water  Company. 


In  his  report  on  the  Water  Supply  of  San 
Francisco,  Mr.  Freeman  made  statements  con- 
cerning the  measurements  of  flow  from  the  Ala- 
meda System,  which  upon  reflection  or  consider- 
ation would  have  appealed  to  him  as  grossly  in 
error. 

The  one  bedrock  fact  which  is  the  basis  for 
the  yield  of  the  Alameda  System  is  the  long 
record  of  gagings  at  Niles  and  Sunol  Dams. 
These  records  Mr.  Freeman  criticizes  as  being 
unreliable  and  crediting  Alameda  Creek  with  an 
exaggerated  flow.  There  is  not  the  slightest 
doubt  that  Mr.  Freeman  is  in  error  in  these 
statements,  and  that  his  impressions  concerning 
these  records  were  formed  by  the  wide  discrep- 
ancy existing  between  them  and  some  incom- 
plete records  published  in  the  U.  S.  Geological 
Survey  Water  Supply  Paper  No.  81,  which 
have  been  shown  to  be  erroneous. 

Where  is  the  Hyde-Grunsky-Marx  Report 
of  the  Alameda  Creek  Flow  Prepared 
at  Request  of  Mr.  Freeman? 

At  Mr.  Freeman's  request  a  recomputation  of 
flow  of  Alameda  Creek  over  the  Niles  and  Sunol 
Dams  was  made  from  the  original  data  of  the 
Spring  Valley  Water  Company  by  Messrs. 
Grunsky,  Hyde  and  Marx.  Our  many  efforts 
to  obtain  a  copy  of  this  report  from  City  oificials 
have  been  unavailing.  It  would  seem  inconceiv- 
able that  Mr.  Freeman  suppressed  the  report  of 
these  gentlemen  because  it  substantiated  the 
records  of  the  Spring  Valley  Water  Company, 
yet  there  can  be  no  other  logical  inference. 


Any  unbiased  investigator  would  be  gratified 
to  find  stream  flow  records  covering  such  long 
periods,  and  it  is  seldom  that  an  engineer  is 
called  upon  to  analyze  a  water  problem  where 
such  wealth  of  data  is  available.  The  longest 
record  is  that  of  the  flow  of  Alameda  Creek  over 
the  Niles  and  Sunol  dams.  This  Mr.  Freeman 
attacks  because  in  the  computations  of  flow  the 
ordinary  Francis  weir  formula  was  used,  and 
dwells  at  length  throughout  his  report  on  the 
fact  that  no  deduction  was  made  for  the  drown- 
ing effect  of  backwater.  That  his  prejudicial 
attitude  may  be  understood,  it  is  only  necessary 
to  note  that  nowhere  in  his  voluminous  report  has 
he  mentioned  any  factor,  the  effect  of  which 
would  increase  the  flow  over  that  referred  to 
by  the  Company.  The  most  important  factor  of 
this  character  is  that  of  the  velocity  of  the 
water  as  it  approaches  the  dam.  In  the  Alameda 
Creek  with  a  fall  of  about  25  feet  per  mile  this 
velocity  of  approach  in  large  floods  is  very  great, 
.  even  greater  than  that  induced  by  the  fall  over 
the  dam.  Submersion  or  drowning  only  occurs 
in  the  very  high  floods  and,  if  Mr.  Freeman  is 
familiar  with  recent  experiments  on  submerged 
weirs  in  India  and  elsewhere,  he  knows  that  the 
backwater  below  the  dam  may  be  above  its  top 
as  much  as  from  one-half  to  two-thirds  the 
height  of  the  water  flowing  over  it  before  the 
submergence  causes  retardation  of  flow. 

It  has  always  been  known  that  both  the  veloc- 
ity of  approach  and  the  submergence  would  mod- 
ify results  obtained  by  the  use  of  the  Francis 
formula,  though,  because  it  was  believed  that 


245 


246 


THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


in  the  Alameda  Creek  the  decrease  due  to  sub- 
mergence nearly  offset  the  increase  due  to  veloc- 
ity of  approach,  the  conservative  results  obtained 
by  the  Francis  formula  were  used. 

It  would  seem  a  matter  of  common  sense  that 
the  flow  of  Alameda  Creek  could  not  be  exag- 
gerated, as  Mr.  Freeman  states,  when  computed, 
as  in  this  case  with  an  ideal  weir  formula,  in 
which  no  account  was  taken  of  the  velocity  with 
which  the  water  approaches  the  dams. 

Why  Does  Mr.  Freeman  Hope  to 
Discredit  the  Records  of  the 
,    Spring  Valley   Water  Co.? 

In  view  of  these  facts,  the  thought  would  nat- 
urally suggest  itself  to  one  who  has  had  the 
experience  that  Mr.  Freeman  states  he  has  had 
in  matters  of  this  kind,  that  the  record  of  dis- 
charge of  Alameda  Creek  as  published  in  Water 
Supply  Paper  No.  81,  was  based  upon  erroneous 
assumptions  either  as  to  proper  gage  heights  or 
as  to  dimensions  of  the  dam  or  weir,  and  be- 
cause of  the  fact  that  no  effort  was  made  by  him 
to  investigate  the  data  upon  which  the  U.  S. 
Geological  Survey  computations  of  flow  were 
based  (as  was  done  by  the  Spring  Valley  Water 
Company),  one  can  scarcely  escape  the  conclu- 
sion that  Mr.  Freeman  referred  so  often  to  them 
to  create  the  impression  that  the  Spring  Valley 
Water  Company's  records  are  unreliable,  and 
to  support  his  contention  that  the  Alameda  Sys- 
tem cannot  be  made  to  develop  the  quantity  of 
water  claimed  for  it  by  the  Spring  Valley  Water 
Company. 

Review  of  the  original  computations  of  the 
quantities  given  in  Water  Supply  Paper  No.  81 
reveal  the  fact  that,  although  they  were  based 
upon  the  ordinary  Francis  formula,  an  errone- 
ous length  of  weir  crest  was  used  for  flows  when 
the  depth  of  the  water  over  the  dam  was  in  excess 
of  12  inches. 

Errors  Due  to  Misplaced  Decimal 
Points. 

Mr.  Freeman  has  endeavored  to  impress  his 
readers  with  the  unreliable  computations  of  flow 
of  Alameda  Creek  made  by  the  Spring  Valley 
Water  Company,  and  adopts  a  lesser  yield  from 
that  System  than  claimed  for  it  by  the  Company 
because  of  the  discovery  of  the  misplacement  of  a 
"decimal  point"  in  one  of  the  annual  quantities 
of  run-oft'.     To  add  to  the  seriousness  of  this 


error,  Mr.  Freeman  stated  that  the  records, 
which  included  this  erroneous  one,  were  testified 
to  in  the  U.  S.  Circuit  Court  by  Mr.  Schussler. 
Had  Mr.  Freeman  continued  his  investigation  of 
this  very  same  Court  record,  he  would  also  have 
discovered  that  correction  of  this  record  was 
made  by  Mr.  Schussler. 

Had  Mr.  Freeman  been  as  careful  in  watch- 
ing the  decimal  points  of  his  own  computations, 
he  would  not  have  fallen  into  the  error  of  stat- 
ing that  the  San  Miguel  (Rock  Creek)  Reservoir 
with  a  total  capacity  of  only  500  M.  G.  would 
supply  the  present  demands  of  San  Francisco 
for  4:^2  months  (135  days),  in  case  of  a  break 
in  his  proposed  Hetch  Hetchy  conduit,  when  as  a 
matter  of  simple  arithmetic  it  would  last  only 
131/2  days.  Under  state  of  complete  develop- 
ment even  the  short  period  of  13^/^  days  will 
be  greatly  reduced.  Nor  would  he  have  given 
the  elevation  of  San  Miguel  Reservoir  at  38.5 
feet  instead  of  385  feet  when  he  considered  the 
feasibility  of  conducting  water  thereto  from 
Lake  Chabot,  which  according  to  Mr.  Freeman's 
proposed  plans  will  be  raised  to  an  elevation  of 
about  350  feet. 

Further,  it  is  to  be  noted  for  the  sake  of  the 
record  that  Mr.  Freeman's  correction  of  the 
misplaced  decimal  in  the  Spring  Valley  Water 
Company's  record  needs  correction,  for  in  his 
ambition  to  minimize  the  flow  from  Alameda 
Creek,  he  applied  a  correction  to  the  amount 
of  water  pumped  at  Belmont,  which  was  in 
nowise  in  error.  The  final  result,  therefore,  is 
that  the  run-off  at  Niles  dam  for  the  season 
1897-98,  corrected  by  Mr.  Freeman  as  3612  M.  G., 
should  be  3775  M.  G. 

Storage  Minimized   Without 
Good  Reason. 

Another  remarkable  attitude  taken  by  Mr. 
Freeman  is  that  with  regard  to  storage  in  the 
Alameda  System.  As  in  all  Western  projects, 
the  safe  yield  of  the  Alameda  System  depends 
very  largely  upon  storage.  Depending  upon  the 
gross  run-off  the  greater  the  storage  the  greater 
will  be  the  safe  draft  that  may  be  made  upon  the 
System.  Mr.  Freeman  uses  the  results  of  his  as- 
sistant, Mr.  Williams,  as  to  the  safe  draft  from 
the  Calaveras  Reservoir  of  30  M.  G.  D.  based 
upon  a  storage  capacity  of  only  28,800  M.  G., 
resulting  in  a  large  amount  of  waste.  This  is 
hard  to  understand  in  view  of  the  fact  that  Mr. 
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Freeman,  himself,  prior  to  the  time  Mr.  Wil- 
liams began  his  work,  designed  the  Calaveras 
Reservoir  for  a  maximum  storage  of  52,000  M. 
G.,  or  nearly  double  that  used  by  Mr.  Williams. 
Had  Mr.  Williams  used  the  storage  planned  by 
Mr.  Freeman,  he  would  have  found  a  safe  gross 
diaft  of  about  47  M.  G.  D.  from  the  Calaveras 
Reservoir,  and  had  he  used  the  proper  stream 
flow  instead  of  those  estimated  by  him  at  a  flat 
rate  of  40%  of  the  volume  of  Sunol  and  Niles 
dams,  he  would  have  found  the  safe  gross  draft 
of  Calaveras  Reservoir  to  be  about  60  M.  G.  D., 
or  50%  more  than  Mr.  Freeman  reckons  can  be 
developed  by  the  whole  Alameda  System. 

Similarly,  Mr.  Williams,  whose  results  Mr. 
Freeman  accepts,  minimizes  the  safe  draft  from 
the  Arroyo  Valle  Reservoir  by  limiting  the 
height  of  the  dam  because  of  foundation  con- 
ditions, while  Mr.  Freeman  in  his  report  to  the 
City  says  these  conditions  are  amply  good  for  a 
dam  high  enough  to  conserve  all  the  stream  flow. 

With  the  limited  storage  upon  which  Mr.  Wil- 
liams has  based  his  calculations  there  would  also 
be  an  enormous  amount  of  waste  from  the  Ar- 
royo Valle  Reservoir,  which  would  have  been 
very  largely  conserved  had  he  used  the  proper 
storage  capacity.  In  this  case  he  would  have 
obtained  a  gross  safe  yield  very  much  larger 
than  that  given  in  his  report. 

What  Are  Reservoirs  for? 

Mr.  Freeman  would  limit  the  length  of  time 
that  the  water  surface  of  a  reservoir  may  be  held 
below  its  flow  line,  because  of  a  fictitious  belief 
on  the  part  of  a  few  Eastern  engineers  that 
weeds  will  spring  up  on  the  uncovered  margins 
of  the  lake.  All  reservoir  margins  should  be 
kept  clean.  However  this  may  be,  ■  under  his 
contentions  withdrawals  might  be  stopped  with 
reservoirs  still  holding  ample  water.  In  this 
connection,  it  seems  strange  that  Mr.  Freeman 
puts  a  limit  of  this  sort  on  the  reservoirs  of  the 
Spring  Valley  Water  Company,  while  in  his  ap- 
proval of  the  Los  Angeles  Aqueduct,  conceived, 
designed  and  built  by  Mr.Wm.  Mulholland,  he  re- 
garded no  such  limits  as  essential  or  even  worthy 
of  remark.  The  plans  of  the  Los  Angeles  Aque- 
duct call  for  the  building  of  Long  Valley  Reser- 
voir to  tide  over  "a  series  of  dry  years."  Mass 
curve  studies  made  at  that  time  show  that,  over 
a  period  of  50  years,  the  water  surface  in  this 


reservoir  would  be  below  the  flow  line  continu- 
ously for  one  period  of  14  years  and  two  other 
periods  of  9  years  each.  The  natural  inquiry 
is  why  this  should  be  allowed  in  Los  Angeles 
and  denied  to  San  Francisco? 

Geology  of  Livermore   Valley 
Determined  Sufficiently  to 
Prove  Water  Capacity 

Mr.  Freeman  classes  the  Livermore  gravels 
with  mining,  evidently  intending  to  convey  the 
idea  of  imeertainty ;  or  undermining.  To  sup- 
port his  conclusions  in  this  regard  he  reproduces 
from  Mr.  Williams'  report  what  purports  to  be 
geological  sections,  but  of  which  Dr.  J.  C.  Bran- 
ner  says : 

"The  two  hundred  and  more  well  logs  ex- 
amined by  us  show  that  this  statement  is 
quite  misleading.  In  the  southwest  end  of 
the  valley,  especially  near  the  pumping  sta- 
tions, the  wells  are  close  enough  together  to 
enable  one  to  identify  the  beds  from  one  well 
to  another,  but  when  the  distance  between 
wells  amounts  to  500  or  1000  feet,  to  say 
nothing  of  a  greater  distance,  one  can  feel 
no  confidence  in  such  correlation.  The  condi- 
tions under  which  the  valley  was  filled  pre- 
clude the  probability,  or  even  the  possibility, 
of  continuous  beds  over  the  entire  valley. 
Indeed,  at  page  384  of  his  report,  he  himself 
speaks  of  the  sections  as  showing  "a  far 
from  homogeneous  or  continuous  formation 
in  the  upper  gravels."  Finally,  I  have  not 
attempted  to  take  up  all  the  geological  points 
mentioned  in  Mr.  Williams'  report,  and  I 
doubt  the  necessity  of  my  doing  so.  I  realize, 
as  Mr.  Williams  probably  realized  himself, 
that  he  had  a  vast  amount  of  miscellaneous 
but  incomplete  geological  data  from  which  he 
has  drawn  conclusions  that  a  professional 
geologist  would  not  venture  to  draw,  and 
with  I  do  not  agree." 

Yet  in  the  investigation  of  the  underground 
waters  of  Brooklyn  Mr.  Freeman  states  that  not 
only  can  the  available  supply  of  water  be  very 
closly  estimated,  but  that  he  considers  under- 
ground waters  as  better,  safer  and  cheaper  than 
surface  waters.  In  this  connection,  it  should  be 
borne  in  mind  that  geological  conditions,  as  de- 
termined by  Drs.  Branner  and  Lawson,  are  much 
more  favorable  for  the  storage  and  retention  of 
water  in  the  gravels  of  the  Livermore  Valley 
than  they  are  in  Long  Island. 

Mr.  Freeman  finding  himself  generally  in  ac- 
cord with  Mr.  Williams,  relies  upon  a  set  of  meas- 
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urements  of  water  surfaces  in  wells  covering  a 
period  of  100  days  for  the  determination  of  the 
safe  yield  of  Livermore  Valley. 

Fallacious  Deductions  in 
Livermore   Valley. 

The  fallacies  of  the  deductions  from  these 
measurements  are : 

First,  that  the  evaporation  from  soils  sur- 
charged with  artesian  water  was  not  considered ; 

Second,  that  error  was  made  in  proposing  to 
unwater  only  one  end  of  the  100-foot  prism ; 


Third,  that  there  was  insufficient  data  to  de- 
termine the  water  contours ; 

Fourth,,  that  assumption  of  porosity  of  the  val- 
ley fill  was  based  upon  the  erroneous  "geologi- 
cal sections"  made  up  from  certain  well  logs  in 
some  instances  over  a  mile  apart. 

Giving  due  consideration  for  these  various  fac- 
tors, it  will  be  found  that  the  safe  draft  from  the 
Livermore  Valley  upper  gravels  will  be  about 
four  times  what  Mr.  Williams  suggests,  or  over 
50  M.  G.  D. 


METHODS  PURSUED  IN  ATTACK  ON  THE  RESOURCES  OF 
THE  PRESENT  WATER  SUPPLY  OF  SAN  FRANCISCO 


ILLUSTRATING  THE  DESTRUCTIVE  CAMPAIGN  CARRIED  ON  WITH  STUDIED  AND 
PERSISTENT  EFFORT  TO  DESTROY  CONFIDENCE,  PROMOTE  ATTACK, 
AND  TO  UNDERMINE  TITE  INTEGRITY  OF  THE  POSITION 
OF  SAN  FRANCISCO'S  WATER  SUPPLY. 


In  paragraph  66  on  page  80  of  the  report  ox 
John  R.  Freeman  on  "The  Hetch  Hetehy  Water 
Supply  for  San  Francisco,"  in  discussing  the 
yield  of  the  present  sources,  Mr.  Freeman  states 
in  part  when  dealing  with  the  subject  of  under- 
ground waters  in  the  San  Francisco  Bay  region 
that  "the  data  now  in  course  of  collection  at  my 
request,  by  Mr.  Dockweiler,  indicates'  that  the 
plane  of  saturation  is  already  being  pumped  be- 
low sea  level  over  large  areas." 

Again  he  states  in  paragraph  67,  with  refer- 
ence to  the  Niles  Cone  region  .  .  "I  have 
been  informed  that  the  Spring  Valley  Water 
Company  was  prevented*  from  withdrawing 
waters  from  lands  which  it  had  purchased  near 
the  Bay  shore  at  Ravenswood  on  which  it  had 
simk  deep  wells  which  it  soon  quit  pumping  be- 
cause of  injury  found  or  expected  to  occur  to 
the  sources  used  for  the  supply  of  communities 
in  the  vicinity  of  Palo  Alto"          .     . 

On  page  189  of  Appendix  4  to  his  report,  re- 
lating to  the  dependable  yield  of  Alameda  Creek, 
he  states:  "Beyond  this  there  must  be  consid- 
ered the  questions  as  to  whether  the  complete 
diversion  of  every  gallon  of  flow  from  the  Niles 
Canyon  will  be  permitted  by  the  farmers  and 
other  local  users  of  ground  by  pumping,  and  by 
the  courts,  for  so  long  a  period  as  six  or  eight 
years. ' ' 

On  page  192,  when  treating  of  the  expediency 
of  building  reservoirs,  he  states :  ' '  The  question 
may  also  very  properly  be  raised,  if  on  a  broad 
view  of  the  situation  it  will  not  be  better  for  the 
cities  and  for  California  as  a  whole  to  leave  all 
the  water  that  will  remain  after  the  Calaveras 
and  Alameda  Creeks  have  been  dammed  and  di- 
verted, for  local  use  in  agriculture  and  manufac- 
ture within  the  Livermore  Valley  and  on  the 
Niles  Cone." 


•This  is  without  foundation. 


MASS  MEETING. 

CENTERVILLE,  NEAR  NILES. 

TOWN  HALL. 

MONDAY,  OCT.  30,  1911. 

tejmporary  chairman  C.  RUNCKEL 

(EDITOR     "WASHINGTON     PRESS",     A 
NEWSPAPER  PUBLISHED  AT 

NILES.) 

J.  H.  DOCKWEILER,  ENGINEER,  AP- 
POINTED BY  JOHN  R.  FREEMAN,  TO 
WORK  UP  DATA  FOR  HIM  WITH  REF- 
ERENCE TO  THE  POSITION  OP  THE 
SPRING  VALLEY  WATER  COMPANY 
RELATIVE  TO  THE  NILES  CONE. 

Speech  of  J.  H.  Dockweiler  from  the  notes  of  T.  J. 
Wilder  taken  at  the  meeting. 

J.  H.  DOCKWEILER,  SPEAKER. 

Every  community  requires  the  best  source  of 
water  supply  possible.  The  soitrce  being  the 
primary  requisite  and  the  price  to  obtain  water 
from  that  best  source,  a  secondary  consideration. 

The  City  of  San  Francisco  is  to  get  its  water 
from  the  Lake  Eleanor  and  Hetch  Hetehy.  Be- 
bore  bringing  its  waters  from  the  mountains  it 
will  first  acquire  the  Spring  Valley  properties 
and  thus  be  able  to  store  its  mountain  water 
in  the  reservoirs  now  owned  by  Spring  Valley 
Water  Company. 

The  local  supply  however,  will  be  sufficient 
for  some  time  to  come,  but  as  we  all  know, 
water  cannot  be  manufactured  and  consequently 
when  the  demand  becomes  greater  the  necessity 
for  the  taking  of  more  water  becomes  apparent 
and  as  you  know  that  increased  demand  will 
have  to  be  satisfied  from  this  Alameda  Water- 
shed. 
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I  do  not  think  it  just,  that  one  commnaity 
should  be  able  to  take  more  water  than  it  can 
use,  at  the  time  of  taking,  from  another  com- 
munity which  latter  has  need  of  it  for  irriga- 
tion. For  a  city  is  as  limited  in  its  growth  as  the 
limits  of  its  water  supply  and  right  here  you 
have  the  condition  of  the  privately  owned  Water 
Companies,  taking  water  from  a  district  that 
needs  it  and  as  a  consequence  the  growth  and 
development  of  this  territory  will  be  checked, 
if  it  has  not  already  so  suffered.  And-  what 
makes  it  worse  here  is  the  fact  that  San  Fran- 
cisco, Oakland,  Berkeley,  etc.,  could  get  their 
water  from  a  region  where  there  is  plenty  and 
where  none  is  required  for  irrigation,  namely, 
the  Sierras. 

To  illustrate  the  way  in  which  these  privately 
owned  companies  get  water  rights  years  in  ad- 
vance of  the  time  they  will  need  the  water:  In 
1874  the  Spring  Valley  Water  Company  bought 
the  Calaveras  water  rights,  paid  $1,000,000  for 
them,  but  not  a  drop  of  water  was  diverted  for 
its  own  use  until  1888.  From  all  this  it  would 
seem  to  have  been  decidedly  more  just  for  the 
Water  Companies  to  have  taken  and  to  con- 
tinue to  take  only  such  water  as  is  needed  for 
its  immediate  needs  and  to  go  into  the  moun- 
tains when  the  growth  of  the  cities  shows  that  a 
heavy  tax  will  be  necessary  on  the  watersheds 
in  this  fertile  country.  Instead  the  water  com- 
panies bought  and  continue  to  buy  lands  and 
rights  that  are  not  needed  for  present  use  but 
are  purchased  simply  to  reserve  them  for  future 
needs,  and  now  these  Companies  own  thousands 
of  acres  of  land  which  they  are  simply  holding 
in  anticipation  of  the  future.  I  believe  the  sit- 
uation in  a  nutshell  to  be  this:  The  Water 
Companies  should  be  allowed  to  store  only 
enough  water  for  present  use,  from  these  lands, 
and  the  balance  should  go  towards  the  irriga- 
tion and  local  use. 

In  1899  the  Legislature  passed  an  Act  known 
as  the  Municipal  Water  District  Act.  The  ob- 
ject being  to  enable  several  communities  to  incor- 
porate and  by  sharing  the  expense  of  bringing  in 
the  water  make  the  burden  easier  as  it  could  of 
course  be  done  cheaper,  there  being  but  one  set 
of  officers  necessary  under  one  management. 
The  District  would  sell  the  water  wholesale  to 
the  different  communities,  who  in  turn  would 
dispose  of  it  at  retail  to  its  inhabitants. 


The  condition  here  in  Niles  Cone  is  serious. 
As  you  can  plainly  see,  it  spells  havoc  for  this 
district  if  the  time  comes  when  more  water  is 
taken  from  Alameda  Creek  than  is  contributed 
to  it  annually.  Hence  it  follows,  that  if  your 
wells  are  not  as  plentiful  as  in  former  years 
the  reason  must  be  due  to  the  fact  that  too 
much  water  is  being  taken  from  these  lands 
now,  and  as  more  and  more  is  taken,  so  will 
the  wells  become  less  and  less  plentiful.  Here 
is  your  case,  then,  Ladies  and  Gentlemen,  for 
the  courts  do  not  accept  theories  in  deciding 
cases — if  you  can  show  by  observation  of  the 
actions  of  your  wells  that  the  water  is  being 
depleted  through  the  Water  Companies  taking 
too  much  water  from  these  lands,  then  you 
would  have  a  case,  and  a  strong  one,  but  you 
must  have  the  facts  which  can  be  obtained  by 
the  observation  of  your  wells. 

I  believe  your  salvation  lies  in  backing 
San  Francisco  in  its  fight  for  Hetch  Hetchy. 
The  City  has  voted  $45,000,000  in  bonds  for 
this  supply,  these  bonds  have  been  passed  upon 
by  one  of  the  biggest  bond  houses  in  the  United 
States,  so  that  there  is  no  reason  why  the  thing 
should  not  be  put  through.  Unless  these  waters 
of  the  Sierra's  are  brought  into  San  Francisco, 
more  and  more  water  will  be  taken  from  these 
Alameda  Creek  watersheds  and  as  a  consequence 
the  condition  of  the  people  of  this  region  be- 
comes worse  and  worse.  There  is  absolutely  no 
other  way  out  of  this  condition  of  things  except 
to  bring  in  the  Hetch  Hetchy  waters  and  for 
the  people  of  Oakland  to  purchase  the  Peoples 
Water  Company  and  the  people  of  San  Fran- 
cisco to  purchase  the  Spring  Valley  plant. 

My  advice  to  the  people  of  San  Francisco  is 
to  buy  the  Spring  Valley  Water  Company,  lock, 
stock  and  barrel.  I  am  afraid  of  these  subsidi- 
ary corporations  of  theirs  and  therefore  urge 
the  purchase  of  everything  they  own.,  When 
Captain  Payson  made  an  offer  to  sell  the  Spring 
Valley  Water  Company  for  $32,000,000,  I  was 
present,  and  I  immediately  urged  upon  one  of 
the  supervisors  that  they  get  the  offer  in  writing 
at  once  and  snap  it  up. 

Question:  Mr.  Dockweiler,  did  not  the  Water 
Company  win  a  recent  case  against 
the  City  of  San  Francisco,  the  de- 
cision being  given  by  Farrington? 
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Dockweiler:  Well,  they  claim  to  have  won.  I 
want  to  say  that  two  decisions  like 
that  one  would  put  them  out.    I 

can't  see  how  they  claim  to  have 
won  when  the  court  sets  a  valua- 
tion of  $25,000,000  on  a  property 
which  their  engineers  have  claimed 
to  be  worth  anywhere  from  40  to 
70  millions. 

Question:  Did  not  the  City  make  a  mistake 
when  it  failed  to  purchase  Spring 
Valley  for  $35,000,000? 

Dockweiler:    It  certainly  did. 

Question:  What  are  the  Spring  Valley's  plans 
for  the  future? 

Dockweiler:  Well,  I  have  not  been  the  confi- 
dential man  for  Spring  Valley  and 
everything  I  have  learned  about 
its  plans,  etc.,  I  have  gained 
through  hard  knocks.  However, 
there  is  such  a  thing  as  "moral 


certainty"  and  I  know  of  moral 
certainty  many  things  but  could 
not  state  them  here  as  facts.  Their 
Chief  Engineer  has  stated  that 
they  intend  to  build  a  reservoir  on 
the  San  Antonio,  the  Calaveras 
and  the  Arroyo  Valle.  So  you  see 
there  won't  be  much  left  when 
they  get  through. 

RESOLUTION  ADOPTED  AT  MEETING. 

"Resolved,  That  we  view  with  the  gravest 
anxiety  the  situation  that  is  heing  forced 
upon  us,  and  earnestly  pray  that  every  ef- 
fort be  made  by  San  Francisco,  Oakland  and 
other  Bay  Cities  to  hasten  the  time  when 
they  shall  draw  their  water  supply  from  the 
Sierra  Nevada  Mountains,  and  to  the  end 
that  the  splendid  resources  of  our  township 
may  be  conserved  and  devoted  to  the  uses 
which  nature  has  ordained;  and  be  it 
further 

"Resolved,  That  we  petition  the  Federal 
Government  to  speedily  grant  the  City  of 
San  Francisco  the  Hetch  Hetchy  water  sup- 
ply, that  the  further  diversion  of  our  water 
supply,  with  the  consequent  devastation  to 
our  township  and  county  may  be  stopped." 

Meeting  adjourned. 


TO     CONSIDER   THE 


Water  hpply  InesiioD 

At  Town  Ball 

CENTERTILLE 

Tuesday  Eve.  May  28 

Addresses   by  J.  H.    DockweQer   of  San  Francisco 
and  Other  Speakers.     Everybody    Come. 


Important    Notice! 

Property  owners  in  Washington  Township  are  urgently  requested  to  furnish  information  to  H.  A  Noble, 
Assistant  to  Consulting  Engineer  of  San  Francisco,  now  at  work  here.  It  is  of  the  highest  importance  to 
our  people  that  all  information  be  given  ireely  and  promptly. 

SIQNED:— 

CHRIS  SUNCEEL 
F.  V.  JONES 
J.  B.  FAIR 

iwprinLvrr^  Committee  Associated  Chambers  of  Commerce. 


Photographic   reproduction   of  notice   posted   in   conspicuous  places  throughout  Niles  region.     Copy 
is  about  one-quarter  size. 

NOTE:     Runckel  is  editor  of  The  Washington  Press,  of  Niles. 
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MASS  MEETING  N 


Will  Be  Held  Next  Tuesday  Evening 
at  Centerville. 


Citizens   ot   Township  Will   Consider 
Water  Supply  Question. 


A  mcetiHg  of  U.c  cilizens  of  Washington  Towiisliip  will  be  held  in 
the  Town  Hall  M  CiHlcvvillc  nexV'Tucaday  evening.  It  has  been  called 
by  (be  Associated  Chambers  ot  Comniercc  to  consider  the  water  supply 
question.  Since  the  meetiiie  callt^l  by  the  Press  last  fall  the  develop- 
monta  on  the  water  question  have  tome  thick  and  fast.  The  danger 
which  we  pointed  out  at  that  tiinciifi  now  more  fully  realizM  because 
more  evidence  has  bewi  brouglil  lo  iiyht  to  aul  sUinLiate  our  assertions. 
The  acquisition  of  the  large  boldincs  ol  land  near  Newark  by  the  Union 
Water  Co.,  the  boring  of  wells  by  itiat  company  upon  the  land  acquired, 
and  the  general  unfolding  of  their  plans  has  brought  home  to  our  people 
a  souse  of  a  new  danger  that  is  quile  immment.  Added  to  this  is  the 
danger  that  the  People's  Wattr  Co  will  be  compelled  to  increase  its  de- 
mands upon  our  aection  and  the  lie  lihood  that  the  City  of  Oakland  will 
soon  become  the  owner  of  that  systrra  and  will  follow  up  that  move  by 
another  lo  embrace  our  entire  district  in  a  consolidated  city  and  county 
gnvenimciit  and  thus  prevent  any  Rc'tiou  on  our  part  aa  a  community  to 
deiend  bur  interests.  The  liklihood  that  the  Union  Water  Co.  will  be 
absorbed  by  cither  tlie  Spring  Valley  interests  or  acquired  by  the  City  of 
Oakland  adds  further  to  the  mcnartc.  And  overshadowing  it  all  Ss  the 
enlargement  ot  the  Spring  VLilley  Water  Co.'s  plan  to  block  the  Hetchy 
Hetchy  cuterprisc  until  the  City  has  been  forced  to  pay  the  added  mil- 
lions which  it  has  piloJ  ui>on  iw  price  of  two  years  ago.  During  the 
past  few  months  the  secret  operatipns  of  this  company  at  Pleasauton 
have  been  revealed.  Its  claima  for  a  greatly  increased  water  supply 
from  the'Alameda  Creek  watershed  have  been  unfolded.  The  gigantic 
nature  of  the  contest  to  gobble  up  aJ!  the  available  surface  and  under- 
ground, water  supply  by  these  thVee  companies  baa  been  made  plain  to 
our  people-  Our  very  futuie  prosperity  is  threatened  more  ominously, 
tbau  ever.  '  The  time  for  action  was  here  a  year  ago  but  our  people 
cpuld  not  be  made  to  sec  it,  Evei_y  day  adds  to  our  danger  and  calls 
forprompt  acttut^ff  nc  lis  »  piopic  ore  to  safeguard  onr  mterests.  The 
stake  is  a  big  o"*-'  and  is  being  played  forby  powerful  interests.  If  any 
action  is  to  be  taken  it  must  b&  taken  NOW  or  it  may  bo  years  befoie 
we  can  even  attempt  to  extricate  ourselves  from  the  net  that  is  being 
voy/in  about  us. 

The  Press  has  repeatedly  warned  our  people  of  their  danger  aiwi  has 
rejwatedly  urged  them  to  united  action.  Again  we  urge  our  people  to 
attend  the  meeting  at  Centerville  next  Tuesday  evening.  If  there  is  a 
\yay  left  ns'to  escape  with  safety  let  us  try  to  find  it- 
Let  every  citizen  who  would  guard  the  best  and  highest  interest  ol 
our  township  attend  the  meeting.  Urj^c  your  frjends  to  coiAe.  Let  us 
tfit  all  the  light  we  can  on  the  subject,  bring  all  the  information  we  can 
lo  the  meeting  and  be  prepared  if  possible  to  evolve  some  plan  to  proteijt 
the  future  prosperity  of  our  section.      , 

It  is  of  the  hi<In'tt  importance  that  the  meeting  be  well  attended. 
JThe  Coiininittee  in  charge  has  asked  J.  H.  Dockweiler,  Consulting' 
Engineer  ot  San  Fraucicco  to  again  address  our  people.  He  is  probably 
uidre  conversant  with  the  water  problem  than  any  man  in  the  State  and 
will  surety  be  able  to  answer  auy  questions  which  our  people  may  ask 
of  him 
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If  any  property  owner  in  this  town- 
ship has  measured  the  depth  to  water 
in  the  past  two  or  three  weeks  it 
would  be  well  to  send  the  information  "" 
to  The  Press  offce  iimmediately.  Af- 
ter this  week  we  shall  not  ask  for 
any  further  data  as  the  report  to  the 
government  must  be  filed  n-ext  month 
and   nO   more   data   from   us   can    *■ 
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IMPORTANT    MOVE 

MADEONWATEfi 

QUESTION 

Gonipanies  and  Cities  "Warned  Further 
Drainage  Will  Be  Resisted. 


The  first  important  step  on  the 
part  ot  the  people  of  Washington 
Township  to'  resist  the  further  ag- 
gressions of  the  W&ter  Companies 
was  taken  this  we^k.  At'  a  joint 
meeting  of  the  Water  Committee 
appointed  at  the  recent  mass  meet 
ing  in  Centerville  and  the  Associa- 
ted Chambers  of  Commerce  held  in 
NilcH,  Thursday  evening,  notice  to 
the  Water  Com  panics  was  submitted 
by  the  committee  and  after  a  lengthy 
and  exhaustive  disgusaioii  of  all 
phases  of  the  question,  tlie  Asso- 
ciaeed  Chambers  unanimously  in- 
dorsed the  report  of  the- Committee 
and  -recommended  that. each  local 
?hamber  of  Commerce  be  asked  to 
approval  to  the  action  taken 
•nittee  and  support  the 
-"'er 


as.'Jembled  in  reference  to  the  taking 
of  Waters  and    the  threat  to  further 
take    more   waters   from   below  the 
surface  of  the   ground,    a   motion 
was  unanimously  adopted  that  the 
Chairman   of  said    Meeting.     Mr. 
Joseph  C.  Shinn,    appoiT\t  a  Com- 
mittee of  live  land  owners   of  said 
Wa&iiington    Township    with     au- 
thority to  represent  the  Mass  Meet- 
ing and  to  serve  notice  upon 
The  Union  Water' Co,, 
The  Peoples-Water  Co., 
The  United  Properties  Co., 
The  Spring  Valley  Water  Co., 
and  al!  other  corporations  or  persons 
who  may  be  concerned,  notify  them 
to 

-TAKE  NOTICE 
M^e  Jiave  been  informed  that  you 
or  some  of  you   are   commencing 
'>Jork    which    would    indicate 
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LET  EVERYBODY  HELP 
SAN  FRANCISCO   IN 
MAKING  OUR  FIGHT 


Every  property  owner  of  this  township  who  has  any 
...  interest  in  its  future  development  should  help  to  give  H. 
'^»IA.  Noble  and  his  assistants  all  the  information  possible. 
j  This  is  the  first  time  any  effort  has  ever  been  put  forth  to 
s  i  get  the  evidence  that  shall  protect  our  water  supply.    San 
■=  ]  Francisco  is  spendingthousands  of  dollars  in  doing  a  work 
that  will  help  our  section  more  than  it  will  help  that  city. 
We  have  been  sold  out  and  bunkoed  so  often  in  the  past 
that  it  is  hard  for  our  people  to  realize  tlie  unselfish 
work  now  being  done  by  the  great  city  on  our  water  sup- 
ply question. 

We  ought  at  least  be  willing  to  help  ourselves  by  let- 
ting others  help  us.  Let  every  property  owner  in  the 
district  being  covered  make  it  his  business  to  secure  all 
the  information  possible  for  the  men  now  at  work  here. 
Talk-it  over  with  your  neighbors.  Explain  the  situation. 
Get  them  to  help.  The  time  is  short.  The  data  must  be 
secured  in  a  few  days.  The  more  complete  it  is  the  bet- 
ter for  us  all.  This  is  the  best  opportunity  our  people 
have]  ever  had  to  protect  their  ovrr,  property.  It  sure- 
ly never  will  be  done  for  you  again  Free  of  Cost.  Get 
all  your  information  to  the  people  at  work  here  and  don't 
wait  to  be  called  upon. 

Hunt  up  Mr.^oble  and  help  himout.  His  heedquarlecs 
at  present  are  at  the  Belvoir  in  Niles. 
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Do  You  Realize 
Whal  This  Means 


It-;'sSqms.  •  almost  fncoiiceiyable 
that  thif  iniporta'nce  of  the  work- 
now  "being..(lo)ie  by  the  cily  «f  Saii 
pTanciscoMii  our  midst  ,_C9Uid  ,bfc 
tnisinterproted  or  misundoi-sioodjor 
lied  ab6nt.  And  yet  it  is  so."- 
_  "Soppdse  you  ask  yourselves  these 
questipu^i''  TDo  you  want  the  peo- 
ple of  SarilTrancisco  to  bi'lifvc  that 
they  car*  ijet  all  tlte  Waier  ihey  nooil 
■from  the?  Alameda  Creek  w.-itershcd? 
Do  you;  WAnt  the  United  States 
govemnieirt.to  believe  it? 

Or  do  you  believe  San  Francisco 
should  go  to  tlic  Sifr''a'b  for  itfi/ 
rapidly  increasing  iieei'-^? 
.  tip.'  you  want  to  Wiow  that  no 
more  water  ran  bo  t»i.cn  from  this 
district  without  iujijrmg  this  dis- 
trict? 

If  you  do,  then  help  San  Fran-. 
Cisco  to  know  what  it  h.is  nieimt  al- 
ready to  take  1 6  million  gallons  of 
.water  every  day  fro*u  a  section  that 
neiedsr  ever.y  drop  of  water  it  can 
geV..~  Help  them  to  realize  >vhat  it 
wilf  .."ineau  to  take  twice  or  three  or 
four  times  that  .amount. 

Do  you  realize  what  that  means 
to  the  fu(>i.re  of  our  section?  '  Do 
you  realize  what  it  means  to  youi' 
own  property? ' 

It  our  people. .could  but  realize 
the  nature  "f  the  danger  now 
threatening  them.tliey  would  be  up 
in  arms.  We  have  warned  you  I'e- 
peatedly.  'f  he- .'tifne  is  here  now, 
R'lGHt  THIS   WEEK  to  protect 


on  the 
Water  Question 


Do  you  as  a  propertj^  owr.er  in  this  towniship.  want  to 
■help  protect  your  water  supply  You  can  do  it -if  you  wish 
but  you  must  do.  it  right  now.  Before  another  issue  of 
The  Press  reaches  our  readers  the  evidence  concerning  our 
water  supply  will  have  been  gathered.  Whatever  that 
evidence  shows  will  be  used  by  the  city  of  San  Francisco 
in  the  hearing  before  the  Board  of  Army  Engineers  in 
Washington.  The  better  the  showing  the  rnore  certafti 
will  bfe  the  protection  afforded'  our  people  in  the  near  f u 
ture.  The  time  for  appsaling;  to  our  people  to  do  Some 
thing  for  themselvas  is  now  past.  Those  who  are  making 
the  investigation  want  the  fullest  evidence.  So  far,  al- 
though much  effort  has  been  made  to  get  it,  the  evidence 
is  still  very  inv-onipjete.  Here  is  how  you  can  help:  Mea- 
sure the  depth  dowVi  to  the  v/ater  level  in  your  well.  Send 
the  result  of  your  measuremeni.to  H.  A.  Noble  at  once  or 
send  it  to  The  Press  office  and  we  will  turn  it  over  to  Mr. 
Noble.  If  your  well  h^s  not  already  been  measured  get 
busy  yourself  ar.d  do  this  rii>-ht  away.  Don't  delay  it. 
DO  IT  NOW.  ■  Measurements  are  desired  from  every  well 
in  the  township  if  possible. 

Answer  these  questions"  right  away. 

How  far  from  the  surf.ice  cif  the  ground  is  the  water 
in  your  well! 

Is  it  further  now  to  wuter  than  it  has  been  in  the  past? 
How  much? 

Whatever  data  is  gatliored  v\/ill  be  a  public  recore. 

It  is  of  the  GREATEST  importance  that  this 
knowledge  is  obtained  at  AT  ONCE.  Will  you  help  your 
own  cause  by  taking  a  half  hour  to  help  get  this  informa- 
mation? 
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REPORI  ON 

Si 

N  LES  CONE 

The 

Engineer  Dockweiler  Files  His 

Report  to  Army  Board. 

Late   on   Wednesday   night  of  this 
week  the  report  of  Consulting  Engin- 
eer J.  H.  Dockweiler  of  San  Francis- 
co on  the  water  supply  question  was 
■\th  the  Board  of  Army  Bngin- 
V    people   who   are   not   ac- 
-  the  scope  of  the  work 
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MEASURE  THE  WATER 
IN    YOUR    WELLS. 

We  urge  upon  our  people  the  im- 
mediate necessity  of  keeping  at  least 
a  monthly  measurement  of  the  depth 
to  water  in  the  wells.  If  your  well 
Isn't  fixed  so  you  can  make  these 
measurements  a  very  trifling  expense 
■)t  boring  an  opening  so  that  it  can 
be  done  should  be  met  at  once  by 
svery  owner  of  a  well.  This  data 
"ihould  be  secured  and  gathered  dur- 
ing the  next  two  months.  It  is 
VERY,  VERY  important  that  it  gets 
Into  he  hands  of  he  proper  people 
before  the  final  decision  is  made  by 
'lie  government.  We  appeal  to  our 
jieople  to  see  that  It  is  done. 

In  the  near  future  the  Press  will 
rive  its  readers  a  more  complete 
of  the  report  that  was  filed  this 
week, 
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WATER  MEETING 
WELL  ATTENDED 

Wafer  Supply  Question 
Ably  Discussed. 


The  meeting  held  at  Centerville  last 
Tuesday  evening  to  discuss  the  water 
supply  question  drew  out  a  good 
audience.  Although  no  effort  -  was 
made  to  drum  up  a  crowd,  the  town, 
hall  at  Centerville  was  well  tilled'  by 
an  interested  body  of  property  owners 
of  the  township.  One  of  the  features 
of  the  meeting  was  that  it  was  almbst 
exclusively  made  up  of  men..  J.  C. 
Shinn  acted  as  chairman.  The  pur- 
pose of  tlie  meeting;  was  stated  _by 
C.  Runckel,  of  the  committee  of  the 
Asuo<~iated  Chamber  of  Commerce. 
The  meeUDg  was  called  at  the  request 
of  a  number  ef  citizens  of  Centerville 
and  was  to  have  beeri  held  the  latter 
part  of  last  month,  bTJt  was  post- 
pond  to  the  present  time  owing  to 
the  pressure  of  other  questions; 

J.  H.  Dockweiler,  consulting  engi- 
neer of  the  city  of  San  Francisco, 
was  the  speaker  of  the  evening,  and 
in  a  very  able  manner  convinced  the 
audience  of  the  liberal  attitude  of  that 
city  on  the-'  water  question.  Mr. 
Dockweiler  stated  that  the  city  was 
preparing  a  report  at  the  suggestion 
of  the  federal  army  board  of  engi- 
neers, which  is  to  pass  upon  the 
Hetch  Hetchy;. case.jn,  the  near  fu- 
ture. The  city  autliorities  are  gather- 
ing data  on  all  available  water  sup- 
plies that  may  be  utilized  by  the  city. 
TVip  .investigation  of  tlie  Xiles  cone 
■^ortant  relation  to  the 
supply. 
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What  Is  the  log  of  a  well?  We 
have  heen  asked  this  question.  It  is 
the  description  of  the  nature  of  the 
earth  through  which  yoiir  well  is 
bored.  Fo^r  instance  a  well  may  be 
bored  the  first  18  feet  tTirough  silt 
and  the  next  20  feet  in  gravel.  Or 
it  might  be  18  feet  of  silt  or  loam,  40 
feet  of  clay  and  5  feet  of  gravel,  etc. 
A  description  of  the  diferent  kinds  of 
earth  through  which  the  well  is 
bored  is  the  "ios  of  the  well." 

If  the  logs  of  many  wells  throuah- 
out  the  township  are  studied  we  Can 
tell  pretty,  accurately  what  the  un- 
derground formation  is,  where  the 
water  comes  from  and  what  effect 
the  takipg  away  of  flarge  amounts  of 
watei  w'l  II  bave  on,  our  underground 
water  sV.pply.  i^  more  logs  of 
wells  we  have  the'  i.  ^re  our  people 
will  know  of  the  eal  ^tuation  and 
the  more  wisely  they  cau  o.t  to  pro- 
tect themselves. 

Th,e  work  now  being  done  by  .  .Ji 
Francisco  is  the  most  valuable  work 
ever  done  toi  our  people  in  this 
township. .  And  sUU  many  of  Our  peo- 
ple are  slow  to  realize  it.  Have  you 
the  log  Of  your  well?  Do  you  know 
who  bored  It?  Send  your  informa- 
tion at  once  to  H.-  A.  Noble,  Hotel 
Belvoir,   Niles,    Cal. 
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Something  for 
Pleasanton  to 
Ponder  Over. 


'The  town  of  PleaBanton-  Is  con- 
rontct^  with  a  situation  as  a  result  of 
.he  acquisition  of  SO  much  of,  its  very 
hest  land  by  the  Spring  Valley  Water 
'Cotrtpany  that  ought  to  give  its  people 
-•in  opportunity  to  reali^te  frhat  has 
been  done  to  the  future  of  the  town, 
ind  what  might  have  been  the  situa- 
ion  had  there  been  a  more  public 
pirfted  course  pursued  by  ItS  political 
leaders. 

(Tlie  very  future  of  (he  towii  hinges 
t>bn  tlie  outcome  of  the  present  con- 
.rovcrsy  between  the  Spring  Valley 
Water  Company  and  the  city  of  San 
Francisco.  '  In  spite  of  the  apparent 
policy  of  the  Spring  Valley  Water 
Company  to  offer  liberal  ter;ns  tu 
laasers  of  its  lands,  the  fact  remains 
-^i  with  the  titU.  of  so  much  of  its 
''"lid  in  the  hands  of  one  great 
■■"  cxpecilhat  full 


hold  ol  .the  Spring  Valley  Compzny 
on  th^  Pleasanton  section,  the  men 
who  have  long  been  the  political  dic- 
tators of  Pleasanton  had  marked  out 
A  policy  that  ^ould  have  served  notice 
on  the  company  that  its  efforts  to  fur- 
ther intrench  itself  would  be  resisted, 
^tipposc  these  men  had  thought  of 
the  future  of  their  town  that  had  al- 
ways so  generously  supported  them, 
aiid  had  united  the  Geiltimenl  against 
further  aggressions  On  the  pan  of  the 
water,  company.  Suppose  Ihcy  had 
co-operated  with  the  people  of  Wash- 
ington township  in  fostering  a  union 
for  [he  ppoiecttun  of  the  water  supply 
fur  actual  sctilefs,  and  li.-id  enli.-.tcd 
the  support  of  tlie  entire  county  to 
light  oft  this  menace — i would  the 
Spring  Valley  have  been  so  eager  to 
buy  up  5""  "'  —  land,  knowing  that  it 
w' '  -icrease  the 
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THE  BOUNDARIES  AND  AREA  OF  THE  NILES  CONE 

FROM  A  STUDY  OF  THE  GEOLOGY  OF  NILES  GONE 
AND  THE  SURROUNDING  COUNTRY 


BY 


Dr.  J.  C.  Brannee, 
Geologist. 


Leland  Stanford  Junior  University. 
Office  of  the  Vice-President. 

Stanford  University,  Gal.,  March  21,  1911. 
Spring  Valley  Water  Company, 

San  Francisco,  Calif. 
Gentlemen : 

I  have  gone  over  the  region  about  Niles  and 
west,  southwest,  and  south  of  that  place,  with 
a  view  to  determining  the  probable  area  over 
which  the  underground  water  supply  is  likely 
to  be  affected  by  the  diversion  of  the  waters 
which,  under  natural  conditions,  are  discharged 
through  the  Niles  Canyon.  I  am  also  acquainted 
with  the  geology  of  the  Niles  Canyon,  and  of 
the  Mount  Hamilton  range,  from  which  the  Ala- 
meda Creek  receives  its  waters. 

The  General  Geology. 

The  question  of  the  subterranean  waters 
in  the  region  under  consideration  is  directly 
related  to  the  geology  of  the  valley  floor 
in  the  area  between  the  Coyote  Hills 
west  of  Newark  and  the  Contra  Costa 
range  at  Niles  and  northwest  and  southeast  of 
that  place.  The  geology  of  the  Contra  Costa 
range  of  mountains  and  of  the  Coyote  Hills  is 
entirely  different  from  that  of  the  valley.  The 
former  are  composed  of  old,  hard  rocks  that  are 
usually  much  folded,  while  the  valley  is  filled 
with  loose  materials  of  various  kinds  that  have 
been  washed  down  from  the  higher  grounds  of 
the  mountains. 

In  order  to  .understand  the  origin,  materials, 
and  method  of  formation  of  the  valley  floor,  we 
must  go  back  in  our  imagina;tions  to  a  time  when 


the  valley  between  the  Coyote  Hills  and  the 
mountains  at  Niles  was  considerably  deeper  than 
it  now  is.  The  streams  flowing  from  the  moun- 
tains on  the  east  and  northeast  brought  down 
sands,  gravels,  clays,  and  all  kinds  of  silts,  and 
deposited  them  along  the  bases  of  the  hills  and 
spread  them  out  over  the  low  lands.  This  pro- 
cess of  filling  up  the  valley  has  been  going  on 
for  a  long  period  of  time.  Naturally  the  larger 
streams  brought  down  more  materials  than  the 
smaller  ones  and  spread  these  materials  over 
wider  areas,  but  always  with  that  irregularity 
and  patchy  distribution  commonly  observed  in 
stream  and  flood-water  deposits.  Just  what 
areas  have  been  filled  in  by  this  and  that  stream 
cannot  be  stated  with  absolute  precision,  but  in 
a  broad  sense  it  is  reasonable  to  suppose  that 
the  areas  covered  by  floods  of  the  streams  of 
the  present  time  closely  approximate  the  areas 
filled  in  by  those  same  streams  in  the  past. 

For  example,  it  seems  probable  that  the  ma- 
terials of  the  valley  floor  at  Decoto  were  brought 
down  from  the  mountains  north  and  east  of  that 
town,  the  materials  on  which  the  town  of  Center- 
ville  stands,  came  down  through  the  Niles  Can- 
yon, while  the  materials  of  the  plain  about  the 
town  of  Irvington  were  brought  down  from  Mis- 
sion San  Jose  and  from  the  mountains  east  of 
Irvington. 

Origin  of  the  Underground  Waters. 

The  history  and  nature  of  the  deposits  form- 
ing the  valley  floor  and  the  well-known  be- 
havior of  the  streams  of  the  region  especially 
during  the  dry  weather  show  beyond  rea- 
sonable    question     that     the     waters     found 
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in  the  deep  wells  over  the  valley  are 
those  that  soak  down  through  the  gravels, 
especially  about  the  margins  of  the  beds  where 
the  materials  are  usually  coarsest.  It  follows 
that  the  diversion  of  any  one  stream  must  affect 
the  underground  water  supply  of  the  area  fed 
by  that  particular  stream. 

Limited  Area  Supplied  by 
Niles  Canyon. 

The  accompanying  map,  forming  a  part  of 
the  report,  shows  in  red  the  area  believed  to  be 
supplied  by  waters  fed  into  the  valley  gravels 
by  the  Alameda  Creek  where  it  enters  the  val- 
ley near  Niles. 

This  area  forms  a  triangle  having  the  mouth 
of  Niles  Canyon  at  its  eastern  apex,  the  town 
of  Newark  at  the  southern  apex,  while  the  nortJi- 
western  apex-  is  about  one  mile  northeast  of  the 
town  of  Alvarado. 

It  should  he  noted,  however,  that  while  there 
can  be  no  serious  question  about  the  under- 
ground waters  of  this  area  coming  from  the  Niles 
Canyon,  as  the  distance  from  Niles  increases,  the 
difficulty  'of  proving  that  the  underground  water 
actually  comes  from  that  canyon  increases  pro- 
portionately. 

For  this  reason  the  area  shown  on  the  map 
cannot  be  extended  further  toward  the  west, 
northwest  and  southwest  with  certainty. 
Whether  the  diversion  of  the  water  from  the 
Niles  Canyon  has  affected  the  wells  of  the  val- 
ley is  a  matter  that  can  be  determined  only  by 
well  records. 

A  Doubtful  Area. 

I  have  indicated  as  doubtful  a  strip  of 
land  beginning  at  Tule  Pond,  a  mile 
south  of  Niles,  and  running  southwest  in 
the  direction  of  Newark.  This  belt  is  now  with- 
out direct  connection  with  the  drainage  from  the 
mountains.  There  is  evidence  of  an  old  drain- 
age that  formerly  flowed  through  a  gap  in  the 
low  ridge  west  of  Tule  Pond,  and  followed  along 
this  belt  in  the  direction  of  Newark.  The  low 
ridge  that  shuts  in  Tule  Pond  on  the  west  has 
the  appearance  of  a  break  made  at  the  time  of 


an  earthquake  and  this  break  has  brought  about 
a  rather  recent  change  in  the  drainage.  The  posi- 
tion and  direction  of  this  doubtful  zone  suggests 
the  possibility  of  its  having  formerly  been  the 
area  or  part  of  the  area  along  which  the  water 
from  Rose  Canyon  flowed  across  the  valley. 

The  Laguna  Drainage. 

The  low  relief  of  the  valley  floor 
south  of  Niles  might  lead  one  to  sup- 
pose that  the  entire  region  between  Niles  and 
Irvington  received  its  underground  waters  from 
the  Niles  Canyon.  This,  however,  is  not  the 
case.  The  water  from  Rose  Canyon,  a  mile  south- 
east of  Niles,  runs  southward  and  flows  into  the 
Laguna  north  of  Irvington,  while  all  of  the 
drainage  from  the  mountains  from  Rose  Canyon 
southeastward  to  Mission  San  Jose  flows  into  that 
same  Lagima,  and  overflows  towards  the  south. 
It  is  therefore  to  be  assumed  that  the  imder- 
ground  waters  of  the  Laguna  area  follow  ap- 
proximately the  same  course  as  the  surface 
waters  and  supply  the  region  south  and  east  of 
the  zone  marked  as  doubtful  on  the  accompany- 
ing map. 

Peculiarities  of  Chemical  Analysis 
in  Endeavor  to  Trace  Origin  of 
Underground  Waters. 

I  have  read  the  report  of  Professor  E.  W.  Hil- 
gard  upon  the  waters  of  the  region  here  dis- 
cussed. I  hold  Dr.  Hilgard  in  the  highest  es- 
teem as  a  geologist  and  as  a  chemist,  but  I  am 
obliged  to  disagree  with  him  in  regard  to  the 
probability  of  the  waters  of  the  region  under 
consideration  having  come  from  the  southern  end 
of  the  Santa  Clara  Valley.  The  peculiarities 
brought  out  by  the  analyses  of  the  well  waters 
are  interesting,  but  in  my  opinion  the  explana- 
tion of  their  composition  must  be  sought  within 
the  drainage  area  of  the  streams  that  now  flow 
and  have  been  flowing  into  this  part  of  the  val- 
ley for  a  very  long  time.  The  theory  of  the  re- 
versal of  the  Santa  Clara  Valley  drainage  is  not 
tenable. 

Yours  respectfully, 

J.  C.  BRANNBR. 
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WHAT  ARE  THE  WATER  REQUIREMENTS  OF  THE 

NILES  CONE? 


BY 
F.    W.    ROEDING. 

Manager  of  the  Agricultural  Department  of  the  Spring  Valley  Water  Co. 


Mr.  Roedlng  was  Irrigation  Manager  of  the  Irri- 
gation and  Drainage  Investigations  of  tlie  United 
States  Department  of  Agriculture. 

In  Charge  of  the  Central  Division  comprising  the 
States  of  Colorado,  Wyoming  and  Texas,  and  later 
in  charge  of  the  Pacific  Division,  comprising  the  State 
of  California. 


Dr.  Branner  defines  the  Niles  Cone  as  follows : 
"This  area  forms  a  triangle,  having  the  mouth 
of  Niles  Canon  at  its  eastern  apex,  the  town  of 
Newark  at  the  southern  apex,  while  the  north- 
ern apex  is  about  one  mile  northeast  of  the  town 
of  Alvarado. 

It  should  be  noted,  however,  that  while  there 
can  be  no  serious  question  about  the  under- 
ground waters  of  this  area  coming  from  the 
Niles  Canon,  as  the  distance  from  Niles  in- 
creases, the  difficulty  of  proving  that  the  under- 
ground water  actually  comes  from  that  canyon 
increases  proportionately." 

A  strip  marlied  "Doubtful"  by  Dr.  Bran- 
ner rises  in  a  small  tule  pond  half  way  be- 
tween Niles  and  the  Lagoon  from  which  it  par- 
allels and  adjoins  the  southerly  leg  of  the  tri- 
angle and  has  a  width  of  one-half  to  three- 
fourth  of  a  mile. 

Referring  to  Page  109  of  Mr.  Freeman's  re- 
port, he  says :  "  In  the  present  instance  we  were 
fortunate  in  securing  the  aid  of  Dr.  J.  C. 
Branner,  Vice-President  of  Stanford  Univer- 
sity, than  whom  there  is  no  one  with  more  pro- 
found knowledge  concerning  the  geology  of  the 
region,  etc.,  etc."  In  spite  of  Mr.  Freeman's 
high  regard  for  Dr.  Branner 's  knowledge,  he 
accepts  without  question  Mr.  Dockweiler's  re- 
port on  the  area  of  the  Niles  Cone  and 
Mr.  Dockweiler's  figures  on  the  water  require- 
ments of  this  area.     Dr.  Branner 's  report  on 


this  region  and  the  boundaries  marked  by 
him,  include  8860  acres,  while  Mr.  Dockweiler 
covers  the  entire  area  between  the  bay  shore  at 
the  edge  of  the  tide  lands  from  the  outlet  of 
Mowry  's  Slough  on  the  south  to  a  point  half  way 
between  the  mouths  of  Alameda  and  San  Lo- 
renzo Creeks  on  the  north,  or  47,360  acres.  To 
anyone  familiar  with  the  territory  and  with  the 
slightest  knowledge  of  geology  the  fallacy  of  Mr. 
Dockweiler's  contention  must  be  self-evident. 
The  Coyote  Hills,  consisting  of  a  ridge  from  100 
to  300  feet  high  with  frequent  outcroppings  of 
rock,  extend  from  the  edge  of  the  tide  lands 
near  Mowry 's  Slough  to  about  one  mile  south  of 
Alvarado,  thereby  cutting  off  any  connection  of 
Alameda  Creek  with  these  tide  lands.  Even  Mr. 
Dockweiler  did  not  have  the  boldness  to  include 
these  hills  in  the  cone  area  and,  therefore,  he  de- 
ducts them,  but  he  does  not  explain  how  Ala- 
meda Creek  was  able  to  perform  the  hydraulic 
gymnastics  of  forming  the  twelve  to  fourteen 
thousand  acres  of  tide  land  adjoining  this  five 
mile  stretch  of  hills  on  the  west,  unless  he  con- 
siders that  the  prehistoric  winter  floods  were 
able  to  float  these  massive  hills  to  their  present 
position.     (Plate  page  274.) 

Referring  to  the  accompanying  photographs  of 
the  Niles  Cone,  as  shown  on  Page  203  of  the 
Freeman  Report,  the  point  from  which  this  pano- 
rama was  taken  is  one  mile  south  of  the  apex  of 
the  cone.  It  gives  the  impression  that  the  fore- 
ground, the  most  fertile  part  of  this  region, 
which  is  unquestionably  in  the  cones  of  Mission 
Creek  and  other  small  streams  to  the  north,  is 
within  his  boundaries.  From  the  observation  of 
the  writer  it  appears  that  the  limits  of  the  Niles 
Cone,  as  described  in  the  city's  report,  were 
drawn  with  a  bold  free  hand  and  without  anv 
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investigation  either  of  the  topography  or  the 
geology  of  this  region.  Dr.  iJranner's  bound- 
aries, however,  follow  well  defined  geological  de- 
posits and  elevations  in  the  contour,  the  base  of 
the  Cone  being  in  a  territory  where  the  Coyote 
Hills  had  a  marked  influence  on  the  alluvium  de- 
posited by  Alameda  Creek,  and  this  Dr.  Bran- 
ner  has  called  "doubtful  territory." 

Attention  is  called  to  the  greatly  exaggerated 
limits  of  the  cone  as  defined  by  the  City's  rep- 
resentative.    (Plate  page  260.) 

It  is  claimed  that  this  region  would  be  ren- 
dered absolutely  unproductive  if  the  Spring 
Valley  Water  Company  should  carry  out  its  plan 
of  further  diversions  from  Alameda  Creek,  de- 
spite the  fact  that  irrigation  is  not  and  never 
has  been  a  general  practice  and  never  will  be- 
cause of  climatic  conditions  and  characteristics 
of  the  soil,  even  though  the  water  table  be  far 
lower  than  at  the  present  time. 

In  order  to  prove  this  assertion  a  crop  survey 
of  the  cone  area  was  made,  corresponding  with 
Dr.  Branner's  limits,  and  the  crops  grown 
thereon  are  shown  on  the  accompanying  map, 
the  acreage  of  each  crop  being  approximately 
as  follows: 

Acres 

Orchards   2,050 

Summer     Crops,     including     tomatoes, 
potatoes,  beans,  peas,  corn,  beets  and 

vegetables   4,200 

Eucalyptus  plantings 45 

Alfalfa   600 

Grain  and  hay 1,300 

Pasture  and  waste 20 

Nursery  480 

Town  sites   115 

Strawberries    50 

8,860 

DESCRIPTION  OP  CROPS. 

Orchards. 

Orchards  are  mainly  in  the  district  around 
and  between  Niles  and  Centerville.  Apricots 
form  about  60%  of  the  trees,  cherries  20%,  and 
assorted  fruit,  such  as  prunes,  plums,  apples, 
pears,  almonds,  walnuts,  peaches,  etc.,  the  re- 
mainder. This  region,  on  account  of  its 
mild  climate  and  little  danger  of  late  frosts,  is 
particularly  well  adapted  to  the  growing  of 
apricots  and  this  has  been  a  profitable  crop  for 
many  years  past.  Cherries  also  find  the  Bay 
region  more  congenial  than  the  other  parts 
of  the  State  and  the  trees  are  longer  lived  in 
this  section,  although  the  cost  of  picking  and 


the  necessity  of  disposing  of  them  while  fresh 
makes  their  culture  less  popular  than  that  of  the 
apricot.  The  other  fruits  enumerated  are  prin- 
cipally grown  in  family  orchards,  although  the 
Ellsworth  orchard,  near  Niles,  is  largely  devoted 
to  prunes,  and  there  is  a  young  walnut  orchard 
of  about  thirty  acres  between  Newark  and  Al- 
varado. 

Summer  Crops. 

Of  these  crops  tomatoes  occupy  the  leading 
place,  with  possibly  1500  acres.  Peas,  corn,  pota- 
toes, beets,  beans  and  vegetables  follow  in  the  or- 
der named.  All  of  these  crops  require  intensive 
cultivation  and  the  rich  alluvial  deposits  upon 
either  side  of  the  present  channel  of  Alameda 
Creek,  as  shown  on  the  accompanying  map,  are 
principally  devoted  to  this  purpose.  The  farmers 
are  largely  Portuguese  and  many  of  them  have 
become  well  to  do,  beginning  as  tenants  and 
finally  buying  the  lands  they  farmed  with  the 
profits  made  from  them.  That  so  large  an  area 
of  these  valuable  lands  should  be  devoted  to 
summer  crops  instead  of  to  orchards  speaks  well 
for  the  profits  derived  from  them.  It  is  self- 
evident  that  in  handling  them  as  they  do  the 
farmers  are  securing  the  greatest  returns.  In 
some  cases  it  is  possible  to  secure  two  crops  in 
one  year,  as  with  peas  and  potatoes,  or  peas 
and  corn. 

Eucalyptus  Planting. 

It  is  not  strange  that  a  disciple  of  the  euca- 
lyptus boom  should  also  be  found  in  this  fertile 
region,  and  that  he  is  still  an  enthusiast  is 
shown  by  very  recent  plantings.  Without  dis- 
cussing his  wisdom  in  devoting  lands  suitable 
for  many  profitable  crops  to  these  trees,  it  may 
be  stated  that  they  are  making  rapid  growth 
and  the  older  plantings  have  formed  dense  for- 
ests of  considerable  height. 

Alfalfa. 

The  region  near  Newark  seems  to  have  gone 
into  alfalfa-growing  more  heavily  than  any  other 
section  within  the  area,  due  to  the  large  dairies 
on  the  edge  of  the  tide  lands.  Although  this  is 
nearly  always  an  irrigated  crop,  not  over  10  per 
cent,  here  is  artificially  watered  at  the  present 
time,  and  of  the  90  per  cent,  unirrigated  aboiit 
one-half  will  produce  six  or  seven  crops  this 
j'ear.     The   best   of  these   unirrigated   alfalfa 
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fields  follow  a  strip  of  land  along  the  easterly 
side  of  the  county  road  from  Decoto  to  Newark 
westward  from  the  Centerville-Alvarado  county 
road  to  the  edge  of  the  tide  lands.  There  is 
every  evidence  that  one  of  the  former  channels 
of  Alameda  Creek  is  here  and  owing  to  the 
slight  elevation  above  tide,  this  land  has  always 
been  moist  and  always  will  be.  Occasional  wil- 
lows are  still  growing  on  this  land  and  doubt- 
less it  had  to  be  cleared  in  order  to  plant  alf- 
alfa. 

Grain  and  Hay. 

The  lands  east  and  southeast  of  Newark  and 
those  along  the  base  of  the  cone,  although  suited 
to  other  crops,  seem  to  have  received  little  atten- 
tion in  their  development,  and  it  is  here  that  we 
find  the  bulk  of  the  grain  and  hay  farming. 
With  the  subdivision  of  these  lands  and  their 
sale  in  small  parcels,  more  intensive  cultivation 
will  follow,  and  it  is  safe  to  predict  that  as  this 
section  develops  the  greater  portion  of  them 
will  be  devoted  to  summer  crops  and  alfalfa- 
growing. 

Pasture  and  Waste  Land. 

Outside  the  bed  of  Alameda  Creek  all  waste 
and  pasture  land  lies  near  this  channel  in  the 
vicinity  of  Alvarado.  A  short  distance  east  of 
Alvarado,  this  creek  is  more  or  less  on  a  level 
with  the  surrounding' country  and  forms  a  wide 
delta,  a  considerable  portion  of  which  is  farmed 
this  year,  a  fact  made  possible  only  by  the  ab- 
sence of  floods  this  past  winter.  In  a  year  of  nor- 
mal rainfall  this  land  is  overflowed  during  the 
winter  months  and  remains  wet  until  so  late  in 
Spring  that  very  little  of  it  can  be  farmed. 
North  of  this  channel  and  just  outside  the  ex- 
treme northerly  corner  of  the  cone,  the  land  is 
so  alkaline  that  it  cannot  be  farmed. 

Nursery. 

The  California  Nursery  Company  owns  about 
600  acres  adjoining  Niles  on  the  west.  This  area 
is  not  entirely  planted  to  nursery,  as  fifty  acres 
have  been  leased  for  strawberry  culture,  and 
as  nursery  stock  makes  an  unusually  heavy 
draft  on  the  soil  it  is  necessary  to  vary  the 
crop  so  that  at  the  present  time  there  are  pos- 
sibly 400  to  450  acres  in  actual  nursery,  includ- 
ing variety  orchards,  the  balance  being  planted 
to  annual  crops. 


Town  Sites. 

Only  the  business  portions  of  the  towns  of 
Niles  and  Centerville  are  included  in  the  area. 
The  residences  comprise  from  one  to  three  or 
five  acres  each  and  in  this  report  have  been 
treated  as  small  farms,  their  acreage  being 
summed  with  the  orchards. 

Irrigation  and  Water  Requirements 
of  Crops  in  This  Region. 

SUMMER  CROPS. 

The  present  season  has  been  a  most  se- 
vere test  on  the  growing  of  crops  with- 
out irrigation  and  the  results  obtained  are  a 
high  tribute  to  the  farmers  of  this  and  adjacent 
sections.  Summer  crops,  which  cover  nearly 
one-half  of  the  area  of  the  cone,  have  received 
no  additional  moisture  outside  of  the  rainfall 
(with  the  exception  that  tomatoes  when  trans- 
planted to  the  open  ground  are  always  given 
about  one  quart  of  water  to  each  plant)  and 
their  growth  shows  no  effect  of  the  drought. 
By  cultivation,  the  moisture  can  be  retained  in 
the  soil  and  the  well-kept  condition  of  all  fields 
of  summer  crops  testifies  to  the  knowledge  of 
the  farmers  in  this  respect. 

Plates  on  pages  .264  and  266  show  tomatoes 
grown  this  season  without  irrigation  on  the  for- 
mer overacker  place,  near  Centerville,  and  on 
land  of  B.  H.  Dyer  (Bell  Ranch),  between  Cen- 
terville and  Decoto.  On  the  former  the  water 
table  was  measured  in  a  well  on  the  property 
and  showed  elevations  throughout  the  season  far 
below  the  reach  of  rooots.*  The  plate  on  page 
266  shows  the    dry   bed     and   steep    banks    of 

•(Plate   No.   1.) 

Height  of  water  table  during  1912,  as  measured  from 
ground  surface  in  a  well  on  the  former  Overaclcer  Place, 
near  Centerville,  showing  that  excellent  summer  crops  and 
orchards  have  thriven  without  irrigation,  although  the 
water  table  was   far  beyond   the  reach   of  plant  growth. 
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ious    vegetables  growing  in  the  distance.     The 
banks    of   Alameda    Creek    at   this    point    are 
twenty-five  feet  high  and  the  soil  is  a  fine  silt 
mixed  with  sand  and  is  naturally  well  drained. 
None  of  these    crops    has    been    irrigated    and 
their  growth    shows    that    they    need    no    irri- 
gation.   Tillage  alone  has  maintained  the  win- 
ter's moisture  in  the  soil  and  even  though  the 
rainfall  this  past  season  was  below  normal  good 
crops  were  grown  on  this  well  drained  soil.  The 
business  of  farming,  as  it  is  being  recognized  at 
the  present  time,  is  first  to  maintain  the  fertility 
of  the  soil  by  rotation,  fertilizing,  etc.,  and  then 
to  produce  adequate  and  profitable  crops  with 
the  smallest  outlay.    Irrigation  means  an  initial 
expense  of  from  $10  to  $50  an  acre  under  large 
gravity  systems,  while  with  individual  pumping 
plants   the   expense   is  much   greater   and  in- 
creases in  proportion   as   the   area   decreases. 
Outside  the  initial  cost  of  water,  there  is  land 
to  be  leveled,  ditches  to  be  built,  surface  irriga- 
tion pipe  to  be  purchased,  the  cost  of  fuel,  etc., 
ditch  assessments  and  the  labor  of  irrigating. 
Where  the  rainfall  is  sufficient  to  produce  vari- 
ous good  crops  and  the  climate  is  favorable,  it 
stands  to  reason  that  the  additional  expense  of 
irrigation  will  be  viewed  by  the  farmers  as  a 
matter  of  dollars  and  cents,  and  if  they  are 
making  satisfactory  returns  with  Nature's  pro- 
vision of  moisture  they  will  not  greatly  increase 
the    cost   of   production   by    artificial   irrigation 
when    the    additional   returns    will    not    justify 
such  cost. 

In  climates  and  soil  conditions  far  less  favor- 
able, and  with  a  rainfall  of  one-half  to  three- 
quarters  that  of  the  Niles  region,  there  have 
been  ample  demonstrations  in  the  past  five  years 
that  good  crops  can  be  grown  by  careful  and 
proper  tillage  that  will  conserve  the  rainfall.  The 
annual  sessions  of  the  Dry  Farming  Congress, 
made  up  principally  of  farmers  throughout  the 
great  American  Desert,  testify  to  the  results 
which  have  been  obtained  and  the  great  interest 
which  is  being  developed  in  this  important 
branch  of  agriculture.  Not  only  summer  crops, 
such  as  potatoes,  peas,  beans,  corn,  beets  and 
grain  of  all  kinds  have  been  grown  on  the  dry, 
wind  swept  prairies  of  Wyoming,  the  Dakotas, 
Colorado,  New  Mexico,  Western  Nebraska  and 
Kansas  and  the  Panhandle  and  Western  Texas, 
but  there  are  a  number  of  orchards  throughout 
this  region  that  have  never  received  a  drop  of 


irrigation  water  and  are  thrifty  and  producing 
crops. 

Orchards. 

Of  the  orchards  within  the  boundaries,  only 
three  were  found  in  which  actual  irrigation  had 
taken  place,  viz. .  those  of  J.  C.  Shinn,  Mrs.  Ty- 
son and  F.  A.  Donley,  totaling  only  about  100 
acres.     J.  C.  Shinn  has  probably  the  oldest  or- 
chard in  this  district  and  as  a  former  large  owner 
in  the  Washington  &  Murray  Township  Ditch  he 
has  always  used  water  for  irrigation.     For  this 
reason  the  roots  of  his  orchard  trees  are  close 
to  the  surface  and  it  is  more  than  likely  should 
he  discontinue  the  practice  that  his  trees  would 
suffer.  In  the  second  instance  berries  are  grow- 
ing among  the  orchard  trees,  while  F.  A.  Donley 
is  endeavoring  to  interest  farmers  in  electrical 
pumping  plants.     As  the  bulk  of  the  orchards 
are  apricots  and  cherries,  both  ripening  early 
in  the   year,   they   would  not   require   water, 
especially  when  the  tillage  of  the  soil  is  so  well 
maintained.       However,     with     cheap     electric 
power,  pumping  plants  are  being  installed  in 
a    number    of    orchards  and  it  is  quite  likely 
that  many  of  the  orchardists  may  adopt  irri- 
gation as  a  means  of  increasing  and  insuring 
their   crops  in  dry  years,   although  the   addi- 
tional cost  with  no   apparently  additional  re- 
sults may  det^r  many  from  installing  or  using 
their   pumping   plants   in   a   normal   year.     As 
an  illustration,  an  apricot  orchard  on  the  banks 
of  Alameda  Creek  near  Centerville  (Plate  page 
270)    may  be  mentioned.     This   orchard  is   six 
years  old  and  has  never  been  irrigated.     The 
land    is    well    drained    and    is    approximately 
twenty-five    feet    above    the   bed    of   Alameda 
Creek.     In  this  year   the   water   table,   as   re- 
corded in   a  well   on   the  property,   stood   at 
heights  shown  in  the  table,  Plate  No.  1,  on  page 
269,  at  various  times  during  the  year  and  was, 
therefore,  always  beyond  the  reach  of  the  roots. 
The    trees,    as    shown    by    the     photo      taken 
October   14th.   have   made    a   growth    of   from 
four  to  six  and  seven  feet  this  season,  and  at 
the  time  the  photograph  was  taken  they  showed 
no  sign  of  any  lack  of  moisture. 

Strawberries. 

The  strawberry  plantings  already  referred 
to,  on  land  of  the  California  Nursery  Com- 
pany,  are  of  interest  in  their  water  require- 
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ments  as  furnishing  a  basis  of  what  would  be 
needed,  provided  this  crop  were  extensively 
grown  in  the  cone  limits.  Driscoll  Bros.,  who  are 
the  owners  of  these  strawberry  patches,  have  for 
some  time  been  interested  at  Watson vi lie  in  the 
same  industry  and  are,  therefore,  experienced 
in  their  culture.  Their  representative  maintained 
that  it  was  necessary  to  irrigate  every  third  day 
during  the  summer  months,  extending  from 
about  May  1st  to  about  October  15th.  They 
operate  an  electrically  driven  No.  6  certifugal 
pump  for  about  ten  hours  each  day,  irrigating 
about  16  acres,  which  would  mean  II/2  acre 
inches  per  acre  per  irrigation,  or  roughly  six 
feet  in  depth  over  the  surface  per  season.  As 
the  ground  is  never  allowed  to  dry  out  the 
quantity  required  for  each  irrigation  is  cor- 
respondingly small.  It  is  very  questionable 
whether  this  area  of  strawberries  will  ever  be 
increased  in  this  district  as  this  commodity 
is  very  perishable  and  must  depend  entirely 
upon  local  consumption.  Furthermore,  the  Wat- 
sonville  district  is  somewhat  earlier,  thereby 
getting  the  higher  prices,  and  the  summer 
climate  of  the  Pajaro  Valley  is  cooler  and 
more  subject  to  fogs,  so  that  its  production 
during  the  season  is  heavier. 

Alfalfa. 

Alfalfa  comes  next  on  the  list  of  crops  requir- 
ing irrigation.  No  account  is  taken  of  small 
patches  of  fractions  of  an  acre  to  one  or  two 
acres,  which  are  included  in  many  of  the  house 
lots  and  are  sprinkled  by  hose.  Mention  has 
been  made  that  only  1.6  per  cent  or  100  acres 
of  the  total  area  in  this  crop  are  irrigated. 
The  best  field  is  that  under  lease  to  Sam  After- 
gut  &  Co.,  neat-  the  junction  of  the  Centerville- 
Alvarado  and  the  Decoto-Newark  county 
roads.  This  field  contains  34  acres  and  is  irri- 
gated by  two  4-inch  Caton  centrifugal  pumps 
and  portable  gasoline  engine.  The  land  is  very 
uneven  and  both  slip-joint  pipe  and  canvas 
hose  are  used.  Each  pump  has  a  capacity  of 
600  gallons  per  minute  and  in  a  day  of  eleven 
hours  three  acres  can  be  irrigated  by  each. 
This  field  has  been  irrigated  three  times  this 
year  and  five  crops  have  been  cut.  There  will 
be  another  crop  this  fall  but  it  will  not  need 
irrigation.  According  to  the  above  figures, 
this  land  has  required  II/2  acre  feet  per  acre 
for  the  season  and  results  were  excellent.     In 


fact,  this  field  is  as  good  an  alfalfa  field  as  can 
be  seen  anywhere  in  the  State. 

J.  B.  Rose,  near  Newark,  has  some  50  acres 
planted  to  alfalfa  with  a  No.  8  centrifugal  pump 
and  15-horsepower  electric  motor.  No  record 
is  kept  of  water  pumped  or  area  irrigated, 
which  is  by  means  of  slip-joint  pipe,  but  pump 
is  run  almost  continuously  during  the  three 
summer  months,  provided  the  power  is  not 
shut  off.  This  field  is  not  as  well  handled  as 
the  first  mentioned  and  it  appeared  as  though 
the  water  used  could  have  been  employed  better 
and  more  systematically  on  a  much  larger  area, 
as  part  of  the  alfalfa  plantings  were  suffering 
severely  for  water  and  did  not  appear  to  have 
received  any  during  the  season. 

Other  irrigated  fields  were  those  of  C.  H. 
Patterson  and  one  opposite  the  former  Beard 
property  on  the  Centerville-Alvarado  county 
road,  but  both  fields  are  small  and  no  data 
could  be  obtained.  P.  H.  Sayles,  near  Newark, 
is  at  present  installing  an  irrigation  plant  for 
his  alfalfa  field,  which  will  be  ready  for  oper- 
ation next  season.  The  most  remarkable  fields 
are  those  already  mentioned  near  Newark, 
which  follow  a  probable  former  channel  of 
Alameda  Creek.  These  fields  looked  even  bet- 
ter than  some  of  the  irrigated  ones  and 
six  crops  had  been  cut  on  many  of  them 
this  season.  However,  gophers  are  destroying 
so  many  of  the  plants  that  many  of  the  far- 
mers talk  of  irrigating  for  the  sole  purpose 
of  destroying  these  and  other  rodents.  The 
limits  of  this  strip  of  land  are  well  defined  by 
the  growth  of  the  alfalfa,  as  inside  the  limits 
the  plants  are  a  bright,  healthy  green  and 
vigorous,  while  outside  they  are  stunted  and  dry. 

Eucalyptus. 

The  one  grove  already  mentioned,  on  the  C.  H. 
Patterson  land,  has  received  no  irrigation  since 
planting.  The  ground  between  the  young  trees 
is  kept  in  a  high  state  of  tillage,  as  in  an  orch- 
ard, and  apparently  this  is  maintained  until  the 
trees  become  too  large. 

Grain  and  Hay. 

These  crops  are  obviously  not  irrigated  and  it 
is  a  matter  of  only  a  short  time  when  large  fields 
of  cereals  will  give  way  on  these  and  similar 
high  priced  lands  to  crops  of  higher  productive 
value. 
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Tide  Lands. 

As  one  of  the  City's  Engineers  in  his  report 
refers  to  tide  lands  and  their  reclamation  hy 
irrigation,  the  writer  took  occasion  to  visit  these 
tide  lands  between  Alvarado  and  Newark,  al- 
though outside  of  the  Niles  Cone.  The  owner- 
ship of  the  larger  part  of  these  tide  lands  is 
held  by  large  corporations  and  they  are  used 
for  the  production  of  salt  and  show  that  this  is 
and  will  be  their  most  valued  product.  Over 
10,000  acres  between  Alameda  Creek  and  New- 
ark Slough  belong  to  three  salt  companies  or 
their  associates,  and  it  is  unlikely  that  the 
reclamation  of  these  tide  lands  will  take  place 
as  long  as  these  lands  can  be  used  for  the  pro- 
duction of  salt. 

On  Page  204  of  the  Freeman  Report  it  is 
asserted  that  about  1500  acres  of  tide  lands  have 
been  reclaimed  to  date  in  his  grossly  exagger- 
ated boundaries  of  the  Niles  Cone,  giving  the 
impression  that  these  lands  were  similar  to 
those  shown  in  the  panorama  view  (Plate  page 
260).  As  a  matter  of  fact,  this  area  is  at  the 
edge  of  the  actual  tide  lands  and  was  affected 
onlv  partly  by  the  highest  tides,  so  that  reclama- 
tion, both  on  account  of  the  absence  of  sloughs 
and  the  freedom  from  overflow  of  salt  water 
during  the  greater  part  of  the  year,  was  a  very 
simple  matter.  Of  the  lands  which  are  covered 
daily  by  the  tides  practically  none  have  been  re- 
claimed and  there  is  little  prospect  that  they  will 
be. 

Although  one  engineer  for  the  City  re- 
fers to  the  interesting  experiments  car- 
ried on  by  Mr.  Oliver,  he  has  failed  to  give  any 
statement  of  the  cost  of  reclaiming  salt  marshes, 
and  this  will  be  foimd  to  be  commercially  pro- 
hibitive. Aside  from  the  expense  of  levees,  the 
filling  in  of  small  sloughs,  leveling  the  land  and 
irrigating  it  for  three  or  four  years,  or  even  two 
years,  without  any  returns,  there  will  always  be 
a  yearly  expense  for  the  maintenance  of  levees. 
Even  should  this  reclamation  be  successfully 
handled,  and  the  land  be  placed  in  condition  for 
crops,  it  is  a  self-evident  fact  that  only  summer 
or  shallow-rooted  crops  will  be  grown.  As 
already  shown,  these  require  no  irrigation,  pro- 
vided the  soil  is  properly  tilled  so  as  to 
yield  the  largest  and  quickest  returns  with 
the  least  expense,  the  ideal  condition  for  any 
business  or  farm.  The  statement  of  a  city's  rep- 
resentative that  these  marsh  lands,  if  reclaimed. 


will  require  water  for  irrigation  is  therefore 
misleading,  as  such  irrigation  will  only  be  re- 
quired during  the  period  the  salt  and  alkali  are 
being  leached  from  the  top  soil.  It  is  also  a  mis- 
take to  incorporate  such  an  area  as  reclaimable, 
for  the  reason  that  a  large  portion  of  these  lands 
will  be  found  to  contain  such  high  percentages 
of  lacustrine  clay  that  the  percolation  of  water 
through  them,  which  is  absolutely  essential  for 
the  leaching  process,  is  impracticable  for 
reclamation  of  commercially  productive  acres. 

IRRIGATION  PROM  TUOLUMNE  RIVER 
AND  FROM  ALAMEDA  CREEK  COM- 
PARED. 

High  Duty  in  the  Modesto- 
Turlock  Districts. 

Referring  to  Appendix  17  of  the  Free- 
man Report,  in  the  matter  of  the  irrigation  re- 
quirements of  the  Modesto-Turlock  Irrigation 
Districts,  whose  water  supply  has  the  same 
source  as  the  proposed  Tuolvmiie  River  project, 
great  pains  have  been  taken  to  show  the  exces- 
sive use  of  water  in  the  districts,  and  conclusions 
have  been  drawn  that  when  the  entire  area  is  de- 
veloped, the  duly  of  water  is  to  be  two  and  one- 
half  acre  feet  per  acre,  although  "examination 
of  the  local  conditions  show  that  a  duty  of  11/2 
acre  feet  of  water  per  year  should  be  sufficient 
as  an  average."  There  is  also  presented  the 
curious  argument  that  when  214  acre  feet  per 
acre  are  applied  annually  upon  the  206,000  acres 
in  the  districts  51,620  acre  feet  of  water  will 
have  to  be  pumped  annually  by  the  districts  to 
keep  the  ground  water  ten  feet  below  the  sur- 
face, this  water  to  be  used  for  further  irriga- 
tion. No  account  seems  to  be  taken  of  the  re- 
quirements of  plant  life  when  the  entire  area  is 
developed  and  irrigated,  as  the  argument  seems 
to  be  based  upon  the  use  during  1911  when  ir- 
rigation was  practiced  on  only  one-half  the  area. 
If  Mr.  Freeman  had  cared  to  explain  the  exces- 
sive use  and  the  present  high  water  table  in  the 
districts  he  would  have  been  to  no  great  trouble 
to  do  so  as  he  doubtless  knows  the  very  sandy 
character  of  the  soil  throughout  a  large  part  of 
both  districts ;  that  the  ditches  have  been  filled  to 
their  capacit.^'  since  water  was  first  turned  into 
them ;  and,  furthermore,  that  the  seepage  losses 
in  these  ditches  have  been  and  still  are  very 
large. 
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The  annual  rainfall  is  stated  by  the  report  to 
be  ten  inches  and  the  mean  annual  temperature 
63.9°  No  mention  is  made  of  other  important 
elimatologieal  data,  viz : — The  summer  tempera- 
ture is  high,  the  air  is  dry,  while  the  cold  of  win- 
ter is  greater  than  in  the  bay  regions.  Until 
irrigation  was  introduced  this  area  was  a  sea  of 
waving  grain  in  the  spring  months  and  dry, 
parched  stubble  fields  during  the  summer  and 
fall.  No  attempt  was  ever  made  to  raise  summer 
crops,  orchard  trees  or  alfalfa  on  these  sandy 
plains  without  having  the  necessary  water  for 
irrigation. 

Low  Duty  in  the  Niles  Cone. 

In  the  Niles  Cone  with  an  almost  uniform 
mean  daily  temperature  throughout  the  year, 
with  summer  fogs,  with  a  soil  highly  retentive 
of  moisture  when  tilled,  and  where  crops  of  all 
kinds  have  been  grown  for  many  years  solely 
under  an  average  annual  rainfall  of  20  inches, 
or  double  that  of  the  above  mentioned  districts, 
here  it  is  suddenly  discovered  bj'  the  engineers 
of  the  city  that  water  to  the  extent  of  two  acre 
feet  per  acre  will  be  required  (See  Page  204 
Freeman  Report)  to  prevent  80%  (?)  of  that 
vast  Niles  Cone  area  from  becoming  a  barren, 
uninhabitable  waste. 

Why  is  Mr.  Freeman  so  frugal  with  these 
irrigation  districts  where  no  one  can  question  the 
need  of  irrigation  and  where  the  rapid  develop- 
ment now  going  on  will  in  a  few  years  place 
highly  cultivated  farms  on  every  acre  included 
in  their  boundaries,  while  in  the  Niles  Cone  he 
finds  there  will  be  need  for  almost  the  same 
duty  of  water?  Accordingly  the  Niles  Cone 
would  require  annually  2  acre  feet  for  irrigation 
plus  20  inches  of  rainfall  or  a  total  of  three 
and  two-thirds  acre  feet  of  moisture  per  acre, 
while  the  Modesto-Turlock  Districts  need  only 
two  and  one-half  acre  feet  for  irrigation  plus 
10  inches  rainfall  or  three  and  one-third  acre 
feet.  Why  does  Mr.  Freeman  place  the  water 
requirements  of  the  Modesto-Turlock  Districts 
with  a  dry  hot  climate  at  one-third  an  acre  foot 
per  acre  less  than  in  the  humid  climate  of  the 
Niles  Cone  ? 

Among  other  misleading  facts  of  the  Freeman 
Report  are  a  number  of  photographs  on  Pages 
92  and  93,  showing  irrigated  areas,  all  alleged 
to  be  within  the  Niles  Cone,  and  giving  the  im- 


pression of  the  extent  to  which  this  practice  has 
been  carried. 

Two  pictures  are  shown  of  "Irrigation  on  the 
Bell  Ranch,  185  acres  in  truck  products."  Of 
this  185  acres,  S.  Morimoto,  one  of  the  tenants, 
irrigated  only  20  acres  in  tomatoes  and  vegeta- 
bles (the  only  tomatoes  irrigated  in  this  section), 
which  is  the  photograph  shown.  Ben  ilassei, 
another  tenant,  irrigated  JO  acres  in  vegetables 
but  the  balance  of  155  acres  received  no  irriga- 
tion whatsoever,  although  as  correctly  stated  the 
entire  area  was  in  truck  products.  Attention 
is  called  to  Plate  on  page  266  of  this  report, 
"Tomatoes  on  land  of  B.  H.  Dyer  (Bell 
Ranch)",  showing  the  unirrigated  portion. 

California    Fruit   Canners'   Association, 
120  Market  Street, 
San  Francisco,  October  30,  1912. 
Mr.  S.  P.  Eastman, 

City. 
Dear  Sir: 

With  regard  to  tomatoes  grown  on  irri- 
gated land  as  compared  with  those  grown  on 
non-irrigated  land,  there  can  be  no  question 
but  that  in  a  normal  season  the  latter  will  be 
preferred  for  canning  purposes. 

In  a  dry  year,  such  as  that  through  which 
we  are  now  passing,  some  land  in  Alameda 
County,  which  would  ordinarily  bear  su- 
perior tomatoes  without  irrigation,  has  suf- 
fered from  the  drought  and  yielded  a  product 
inferior  to  tomatoes  grown  under  irrigation. 
Ordinarily  we  get  a  better  product  from  Ala- 
meda County  from  non-irrigated  land  than 
from  any  other  district. 

Yours  very  truly, 

M.  J.  FONTANA, 
General  Superintendent. 

J.   K.   ARMSBY  &   CO. 

October    28,    1912. 
Dear  Sir: 

I  beg  to  advise  you  that  in  purchasing  to- 
matoes for  canning  purposes,  canners,  as  I 
understand  the  matter,  always  give  prefer- 
ence to  tomatoes  raised  on  unirrigated  soil, 
as  tomatoes  so  raised  carry  a  smaller  per- 
centage of  water  than  is  the  case  with  to- 
matoes raised  on  irrigated  soil, 
Yours  very  truly, 

GEORGE   N.   ARMSBY. 
S.  P.  Eastman,  Esq., 

Spring  Valley  Water  Co., 
San  Francisco. 
(A   similar   letter   from   the   Central   Cali- 
fornia Canneries  Co.  was  also  received."! 

Two  views,  on  opposite  pages,  are  of  irrigation 
of  nursery  stock  by  the  California  Nursery  Co. 
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''600  acres."  It  should  be  noted  that  these  small 
trees  are  receiving  water  furnished  by  the  Spring 
Valley  "Water  Co.  No  illustrations  are  shown  of 
older  trees  being  irrigated,  nor  is  any  explana- 
tion given,  that  the  actual  area  in  nursery  stock 
is  not  more  than  480  acres,  for  if  the  entire 
property  were  planted,  where  would  the  ground 
for  the  next  season's  planting  be? 

Three  photographs  are  reproduced,  two  on  one 
page  and  one  on  the  opposite  page,  of  the  straw- 
berry farm,  which  is  part  of  the  600  acres  of  the 
California  Nursery  Co.,  although  the  report  has 
overlooked  stating  so. 

Irrigating  alfalfa  on  the  Gregory  Ranch,  De- 
coto,  gives  the  impression  of  vast  areas.  This 
ranch  has  been  subdivided  and  sold  years  ago, 
and  what  is  shown  consists  of  one  of  the  five- 
acre  subdivisions.  Both  this  and  the  one  remain- 
ing view  are  outside  the  Niles  Cone  boundaries. 
Acknowledgement  must  be  made  that  irrigation 
scenes  are  scarce  in  this  region,  and  the  City's 
Report  deserves  high  commendation  for  having 
succeeded  so  well  in  securing  these  views. 

Under  the  caption,  "The  Niles  Cone  Needs 
This  Water  for  Irrigation,"  on  Page  94  of  the 
Freeman  Report,  he  says:  "If  two  feet  duty 
or  net  depth  of  water  per  year  over  the  surface 
of  the  land  is  required,  which  is  the  minimum 
we  have  assumed  for  Turlock  and  Modesto  under 
a  less  intensive  kind  of  farming,  this  would  call 
for,  etc.,  etc.,  26  billion  gallons  per  year,  chiefly 
in  the  growing  months."  What  is  Mr.  Free- 
man's conception  of  intensive  kind  of  farming? 
Why  is  the  duty  of  water  in  Southern  California 
the  highest  in  the  United  States  if  this  intensive 
kind  of  farming  does  not  conserve  the  scant  sup- 
ply? Why  has  intensive  farming  been  preached 
by  renowned  writers  on  agricultural  subjects  for 
centuries,  and  why  is  it  now  the  basis  of  the  most 
important  investigations  of  the  United  States  De- 
partment of  Agriculture,  if  not  to  conserve  the 
moisture  in  the  soil  for  plant  growth  and  increase 
the  duty  of  water,  whether  by  irrigation  or  rain- 
fall? Does  Mr.  Freeman  know  that  the  Niles 
Cone  today  would  be  producing  nothing  but  hay 
or  grain  if  it  were  not  for  this  intensive  kind  of 
farming  ? 

Intensive  farming  means  stirring  the  soil  sur- 
face ?o  thoroughly  that  capillarity  will  be  broken 
and  the  moisture  conserved  as  much  as  possible 


for  the  use  of  the  plant,  so  that  it  may  not  be 
wasted  by  evaporation  from  the  surface,  and  it 
is  thus  possible  to  grow  more  valuable  products. 
Experiments  of  the  United  States  Department  of 
Agriculture,  carried  on  by  the  writer  while  in 
that  service,  showed  that  with  a  dry,  pulverized 
soil  ten  inches  deep  overlying  a  moist  soil,  there 
was  no  evaporation  loss,  the  loss  increasing  grad- 
ually with  lesser  depths  of  mulched  soil,  while 
with  an  uncultivated  soil  all  moisture  was  quickly 
lost.  The  greater  the  tillage  the  smaller  the  loss 
by  evaporation. 

Agriculture  in  the 

San  Leandro  District, 

For  comparison,  the  productive  San  Leandro 
Cone  which  is  in  the  drainage  of  the  San 
Leandro  Creek,  was  also  studied  and  examined. 
The  upper  drainage  of  this  creek  is  im- 
pounded in  the  Lake  Chabot  Reservoir,  which 
was  constructed  in  1874-5,  and,  therefore,  this 
district  is  taken  as  a  fundamental  parallel  of 
the  condition  in  the  Niles  Cone,  when  the  devel- 
opment of  the  Spring  Valley  Water  Company  is 
carried  out.  No  water  was  wasted  over  this  dam 
in  the  years  1907-1908,  1909-1910,  1911-1912, 
while  the  waste  from  1901  to  1912  inclusive,  a 
period  of  eleven  years,  amounted  to  11  M.  G. 
daily,  as  against  14.6  M.  G.  daily  which  the 
Spring  Valley  Water  Co.  proposes  to  waste  over 
the  Sunol  dam. 

Mr.  Freeman  proposes  to  increase  the  height 
of  the  Chabot  dam  and  thereby  store  more  of  the 
flood  waters  of  San  Leandro  Creek,  although  he 
recognizes  the  needs  of  the  San  Leandro  Cone  for 
a  portion  of  these  waters  and  is  willing  to  con- 
cede a  sufficient  flow  to  protect  this  region  from 
the  devastation  which  is  predicted  for  its  south- 
ern neighbor.  But  it  is  evident  that  Mr.  Dock- 
weiler  did  not  flgure  the  area  of  this  cone  as 
he  did  the  Niles  Cone,  for  had  he  done  so  the 
entire  flow  of  this  creek  would  now  be  required 
to  meet  demands  for  irrigation  and  domestic 
supply  as  well  as  reclamation  of  its  tide  lands. 

This  district,  extending  from  where  the  creek 
leaves  the  foothills  to  a  point  about  one  mile 
west  of  San  Leandro,  where  the  channel  turns 
to  the  north  near  the  edge  of  the  tide  lands,  is 
without  doubt  the  most  highly  developed  agri- 
cultural land  in  the  northern  portion  of  the 
state.    Orchards  of  cherries  and  apricots,  which 
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cover  possibly  one-fourth  of  the  area,  are  kept 
in  a  high  state  of  cultivation,  while  the  other 
three-fourths  are  devoted  to  summer  crops, 
berries,  rhubarb  and  asparagus.  The  soil  is  a 
black  adobe  on  the  lower  portion,  shading  to  a 
clay  loam  near  the  hills.  If  irrigation  is  prac- 
ticed anywhere  throughout  this  district,  it  is  on 
such  isolated  areas  as  would  require  a  house  to 
house  canvass  and  would  then  possibly  be  found 
only  in  one  or  two  small  orchards.  The  berries, 
which  are  mostly  currants,  and  the  perennial 
plantSj  rhubarb  and  asparagus,  are  not  irrigated 
anywhere  in  the  district,  while  summer  crops, 
as  in  the  Niles  Cone,  require  no  irrigation  and 
yield  returns  which  pay  a  good  interest  on  the 
high  values  placed  on  this  property  ($800.00  to 
$1200.00  per  acre) . 

The  soil  is  so  productive  under  the  splendid 
method  of  intensive  tillage  that  even  the  land 
between  the  orchard  trees  produces  large  crops 
of  commercial  leguminous  plants,  and  the  rights 
of  way  of  both  the  Southern  Pacific  and  Western 
Pacific  railroads  not  occupied  by  the  tracks  are 
yearly  farmed  to  rhubarb,  beans,  peas,  corn  and 
other  high  class  products. 

CONCLUSION. 
Agricultural  Future  of  the  Niles  Cone. 

The  growing  of  crops  in  the  Niles  Cone,  on 
account  of  the  high  valuation  of  the  land,  will 
always  be  confined  to  products  bringing  the 
largest  returns  with  the  least  expense,  the  foun- 
dation of  any  business.  It  is  an  undeniable 
fact  that  summer  crops,  such  as  potatoes,  beans, 
peas,  corn,  tomatoes  and  vegetables,  with  cur- 
rants, raspberries,  rhubarb,  etc.,  can  be  grown 
under  the  most  favorable  conditions  with  the 
rainfall  alone  and  with  returns  most  commen- 
surate with  land  values,  made  possible  by  the 
earliness  of  this  district  and  its  close  proxim- 
ity to  large  centers  of  population. 

The  westerly  and  northwesterly  portions  of  the 
cone  are  overlayed  by  a  thick  clay  cap,  rising 
toward  the  surface  two  miles  up  Alameda  Creek 
from  Alvarado  and  dipping  deeper  westward. 
Does  Mr.  Freeman  contend  that  the  roots  of 
plants  penetrate  this  thick  cap  of  clay  to  find 
their  way  to  water  below  it? 

Does  Mr.  Freeman  desire  to  deny  the 
fact  that  excellent  crops  of  all  kinds  have 
been  grown  without  irrigation  throughout  this 


district  for  a  good  many  years  on  the  well 
drained  lands  along  Alameda  Creek,  where  the 
water  plane  is  anywhere  from  thirty  to  fifty 
feet  below  the  level  of  the  ground  surface  dur- 
ing the  critical  periods  of  plant  growth  (those 
of  flowering  and  reproduction)  and  therefore 
far  below  the  reach  of  the  roots?  This  district 
is  in  a  very  high  state  of  tillage  and  is  produc- 
ing per  acre  as  large  a  net  profit  as  any  lands 
in  the  State. 

The  record  of  the  well  on  the  former  Over- 
acker  property  (the  center  of  the  cone)  during 
a  period  of  years,  as  shown  in  the  following 
table,  is  ample  evidence  of  the  ability  of  this 
district  to  produce  crops  without  irrigation,  no 
matter  where  the  water  table  is  located. 


Height  of  water  table,  as  measured  from  ground  surface 
in  a  well  on  the  former  Overacker  Place,  near  Centerville, 
during  the  normal  year  1910,  the  wet  year  1911  and  the 
dry  year  1912. 


Date 
1910 

Feet 

Date 
1910 

Feet 

Sept. 
Oct. 

Nov. 

17 

1 

IB 

2 

37.07 

37.99 

38.62 

39.16 

Nov. 
Dec. 

16 

3 

15 

39.53 

39.91 

40.24 

Date 
1911 

Feet 

Date 
1911 

Feet 

Jan. 
Feb. 
Mar. 
Apr. 
May 

3 

19 

1 

14 

1 

15 

1 

15 

3 

17 

1 

15 

40.87 

34.66 

27.74 

26.24 

24.70 

19.91 

20.99 

22.07 

22.95 

23.57 

24.49 

25.49 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

15 

1 

12 

2 

14 

3 

17 

9 

27.24 

27.91 

28.99 

29.49 

30.57 

31.53 

32.82 

33.47 

34.42 

June 

16 

2 

14 

35.07 

35.82 

36.22 

Date 
1912 

Feet 

Date 
1912 

Feet 

Jan. 
Feb. 

2 

16 

1 

15 

2 

16 

26 ;. 

2 

16 

2 

16 

36.7 

36.9 

36.0 

35.2 

35.2 

34.15 

32.66 

32.8. 

33.1 

33.3 

34.1 

June 
July 
Aug. 
Sept. 
Oct. 

1 

15 

2 

35.3 

36.2 

37  2 

16 

37  75 

Mar. 

1 

38  4 

15 

39  65 

" 

3 

40  1 

Apr. 

17 

40  65 

1 

41  0 

May 

12 

42  2 

Future  Irrigation  Requirements. 

Even  allowing  a  contention  that  the  water 
table  will  be  lowered  by  the  storage  on  Ala- 
meda Creek,  irrigation  will  be  confined  entirely 
to  the  orchard  area  and  to  that  planted 
to  alfalfa,  nursery  and  strawberries.  In 
the  case  of  the  former,  the  expense  of  in- 
stalling pumping  machinery  and  the  cost  of 
power  and  maintenance  will  act  as  a  deterrent 
where  under  normal  conditions  of  rainfall  the 
apricots  and  cherries  will  produce  as  large  crops 
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7(10    GAI  LiJAo 


J<     M1NLI1-:    F'UMrED    1  RoM 

L{|uaalf'nl  to  oric  tijiliion  gallons  in  24  h<^iirs,  il  k':pl  up 
Only   25   mill.un   "allons   pumped    rjurmo   season,    which    is 
Irj  a  unilorni   cliah  of  only  0.008  million  gallons  per  24  hours. 

A    Wl.LL    ON    THE    BELL    R,ANCI-1,  DECOTO.  CM. 

.Moul   lour  roik-s  norlhvijslerly  from  apex  of  Nlles  Cone.     One  hun 
dred  and  ei-dilv-fis 


FIFI^'-ACRE  .STR..>l.^EERR'i'  1-ARM.  ,\il  E.-. 
Esl.-itllshed   m    1911. 


Kl     \    1\      -      M     '    \    '1  ()K\l  \  \l  l^^rU'i   (  t)Ml    \\^ 
Ml  I  - 

Six  hundred  acres  near  apex  of  the  undcrllow.  uses  over  150  mdlion 
gallons  annually,  abdut  one-third  of  which  comes  from  Spring  Valley 
pipes. 


IRRIGATING   .\   FIFTY-ACRE  VXRAWBEPR','    FIELD 
NEAR  nil: 

Gross  vatuue  of  crop  said   to   he   over  S50.i}'Xl  aruiualiy. 
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REPRODUCTION  OP  PAGES   92  AND 
Of  the  -17,360  acres  claimed  by  Freeman  as  the  area  of  the   Niles  Cones,   only  one  per  cent   is  nnder 
irrigation.     On  this  and  the  opposite  page,  three  pictures   are   presented   of  the  same   50-acre  strawberry 
trac't,  two  of  young  nursery  stock  of  the  California  Nursery  Co.,  whose  lands  include  the  50-acre  straw- 
berry tract   referred  to.     Two    pictures  are  beyond  the  limits  of  the  cone  as  fixed  by  Dr,  Branner,  and 
the  two   remaining  are  of  20   acres   of  "truck  products," 
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THK  BART  BROWN  WELL.  ,\RDEN,  NEAR  NEWARK. 
ON  THE  SOUTHWESTERN  ^L\RGIN  OF  THE  NILES 
CONE. 

['umpin;;    ground    walei-    from    well    for    the    irrigation    of    an    alfalfa 
field. 


RRICATLNG     -lOUNG     APRI.COT    TREES.    C.XLiFORNfA 
NURSERY'.  NE.AR    MLES. 
July  I.  1912. 
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93   OP  THE  FREEMAN  REPORT. 

These  illustrations  of  irrigation  on  the  Niles  Cone  represent  only  one  per  cent  of 
the  area  of  the  alleged  cone  described  by  Mr.  Freeman. 
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on  unirrigated  as  on  irrigated  areas,  so  that  irri- 
gation of  orchards  will  be  merely  an  insurance 
against  dry  seasons.  The  area  in  orchards  is 
about  at  a  standstill  at  the  present  time,  for 
the  new  plantings  will  hardly  compensate  for 
old  orchards  whose  trees  are  being  removed 
and  the  land  devoted  to  summer  crops.  So  it  is 
more  than  safe  to  assume  that  the  present  area 
may  be  taken  as  the  future  area. 

As  regards  alfalfa,  the  district  near  the  tide 
lands  in  which  the  water  is  always  bound  to  be 
near  the  surface  and  where  alfalfa  can  be  grown 
with  the  least  cost,  will  be  the  scene  of  its 
greatest  development,  which  will  be  limited  to 
about  double  the  present  area  within  the  de- 
scribed boundaries.  One  and  one-half  acre  feet 
per  acre  have  been  shown  to  be  sufficient  to 
secure  six  good  crops  in  this,  a  dry  year,  and 
therefore  this  may  be  taken  safely  as  the  duty  of 
water  for  this  crop.  Beginners  in  irrigation  al- 
ways use  more  water  than  is  needed,  but  where 
they  have  to  pump  the  water  and  pay  for  the 
cost  of  operation  and  maintenance  of  their 
pumping  plants  they  soon  learn  to  use  it  eco- 
nomically and  to  the  best  advantage.  Further- 
more, it  is  the  opinion  of  the  writer  that  at  least 
a  large  number  of  the  alfalfa  farmers  will  use 
water  more  for  the  purpose  of  destroying  ro- 
dents than  for  the  increase  in  yield,  and  that 
they  will  learn  when  the  young  of  the  gophers, 
etc.,  are  in  the  burrows,  so  as  to  confine  irriga- 
tion to  those  periods  and  obtain  the  best  results. 

As  regards  marsh  land  reclamation,  even  if  it 
were  included  within  the  cone  limits,  it  may 
be  disregarded  entirely  on  account  of  the  ex- 
cessive cost  and  the  use  of  water  only  during 
the  period  of  reclamation. 

Therefore,  summing  up,  we  find  that  of  the 
8860  acres  included  within  the  cone,  the  present 
acreage  in  summer  crops,  which  is  much  more 
likely  to  increase  than  to  decrease,  requires  no 
irrigation  and  will  not  require  any,  no  matter 
where  the  water  table  is  located;  the  orchards, 
on  account  of  the  early  ripening,  will  need  at 
most  two  irrigations  in  years  of  severe  drought, 
but  in  ordinary  years  none,  and  even  in  the 
former  case  50  per  cent  of  the  orchardists  will 
take  chances  with  the  season  rather  than  go  to 
the  extra  expense.  Therefore,  it  is  safe  to  as- 
sume that  one-half  an  acre  foot  per  acre  on  one- 
half  of  the  area  would  be  the  maximum  in  any 
year,  or  513  acre  feet  for  this  purpose.    The  area 


in  alfalfa.,  as  placed  for  the  future  at  1200  acres, 
is  a  liberal  allowance,  considering  the  high 
values,  and  1^2  'lere  feet  per  acre  per  year 
is  more  than  enough,  as  much  of  this  area  will 
not  be  irrigated  more  than  once  or  twice,  and  a 
portion  will  receive  no  water  whatsoever  on  ac- 
count of  the  expense  when  six  or  seven  crops 
can  be  grown  without  going  to  that  expense. 

In  the  nursery  area  there  are  large  blocks  of 
ornamental  trees  and  variety  orchard  of  such 
age  that  they  do  not  require  irrigation  and  will 
not  require  any  if  cultivation  is  properly  main- 
tained. Only  the  younger  trees  need  water  dur- 
ing the  growing  period;  or  to  be  liberal,  say  200 
acres,  allowing  three  acre  feet  per  acre. 

Berries  may  increase  to  an  area  of  say  200 
acres  with  water  requirements  of  6  acre  feet 
per  acre;  therefore,  we  have  the  greatest  possi- 
ble  future  requirement   for  irrigation: 

Maximum   Yearly  Requirement  of 

Water  for  Irrigation  in  the 

Niles  Cone. 

Acres.  Acre  Feet. 

4,500         Summer  crops — ^no  irrigation. 
2,050         Orchard,  %  or  1,025  acres  at  %  acre 

foot  per  acre 513 

1,200        Alfalfa  at  1%  acre  feet  per  acre...         1,800 

200        Grain — no  irrigation 

200        Nursery  at  3  acre  feet  per  acre ....  600 

280  "        — no   irrigation    

200         Strawberries  at  6  acre  feet  per  acre        1,200 

45         Eucalyptus — no  irrigation. 
185         Townsites,  pasture,  house,  lots,  etc. 
— no  irrigation   

8,860  4,113 

The  hill  drainage  of  Alameda  Creek  below 
the  Sunol  Dam  amounts  to  approximately  16,000 
acres,  with  a  run-off  of  about  six  inches,  which 
is  equivalent  to  8000  acre  feet  to  store  within 
the  limits  of  the  cone,  or  nearly  double  the  irri- 
gation requirements.  Upon  complete  develop- 
ment of  the  Spring  Valley  System,  Mr.  Herr- 
mann's report  of  August  1st,  1912,  shows  that 
there  will  be  an  average  waste  over  the  Sunol 
Dam  of  14.6  M.  G.  daily,  or  16,400  acree  feet  per 
year.  Possibly  one-fifth  of  the  irrigation  water 
would  be  used  before  June  15th,  or  during  the 
period  in  which  the  cone  would  be  receiving  an 
ample  supply  from  all  this  drainage.  A  city 
representative  estimates  that  the  present  storage 
capacity  of  the  Niles  Cone  above  sea  level,  with 
the  water  table  as  at  the  time  of  his  report  (July, 
1912),  is  approximately  20,000  acre  feet.     It  is 
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safe  to  assume  that  in  any  normal  year  this 
storage  will  be  at  this  figure  on  June  15th.  After 
this  date  3,300  acre  feet  might  be  required  for 
irrigation. 

For  domestic  use,  1,500  acre  feet  of  water 
would  be  needed,  estimating  that  the  entire  area 
will  be  subdivided  into  small  farms  and  that  the 
towns  of  Niles  and  Centerville  will  increase 
greatly  in  population,  or  to  a  total  of  say  10,000 
people,  with  a  per  capita  consumption  of  150 
gallons  per  day.  Therefore,  the  water  require- 
ments of  the  cone  would  be: 

Acre  Feet. 

For  domestic  use 1,500 

"     irrigation     '.-. .  4,113 

Total    5,613 

The  run-off  from  the  16,000  acres  drainage 
below  Sunol  Dam  in  a  normal  year  of  20-inch 
rainfall  is  8000  acre  feet,  while  in  a  rainfall  of 
this  amount,  and  dependent  upon  the  intensity 
of  the  storm,  there  will  be  a  considerable  per- 
centage of  water  falling  on  the  surface  of  the 
cone  area  (8860  acres)  which  will  percolate  be- 
yond the  reach  of  plant  growth  and  be  added 
to  the  storage  in  the  gravels.  Placing  this 
amount  at  only  5  per  cent  of  the  rainfall  would 
mean  750  acre  feet;  therefore  it  is  quite  evi- 
dent that  even  with  the  entire  flow  above  the 
Sunol  Dam  cut  off,  which  Mr.  Herrmann  shows 
to  be  16,400  acre  feet  after  all  the  Spring 
Valley  Water  Company's  resources  have  been 
developed,  there  would  always  be  more  than 
enough  water  to  supply  the  requirements  of 
the  cone. 

In  its  final  solution  the  future  of  the  Niles 
Cone  must  be  sought  in  its  agricultural  condi- 
tions and  possibilities  and  not  in  hypothetical 


facts  of  enginea  ng.  Under  the  floor  of  San 
Francisco  Bay  ai  d  its  salt  marshes  are  bodies 
of  fresh  artesian  water  as  determined  by  engi- 
neers, but  crops  cannot  be  grown  on  these  salt 
marshes  unless  reclaimed,  nor  on  the  floor  of  the 
bay,  nor  does  the  discovery  of  artesian  waters 
place  crops  on  these  grounds.  Engineers  have 
also  located  large  bodies  of  water  under  the 
Niles  Cone,  but  can  any  of  them  prove  that  the 
crops  on  the  overlying  lands  receive  mois^-ure 
required  for  their  growth  from  a  depth  of  twen- 
ty-five to  fifty  feet.  The  success  of  the  farmer, 
the  greatest  returns  per  acre,  depend  upon  the 
fundamental  principle  of  intensive  tillage  of  the 
soil  and  not  upon  any  investigations  into  hy- 
draulics by  even  the  best  known  of  engineers. 

F.  W.  ROEDING. 


ADDENDA. 

Yearly  water  supply  requirements  of  the 
Niles  Cone  after  complete  development  of  the 
Spring  Valley  Water  Company's  resources: 

Acre  feet 

Waste  over  the  Sunol  Dam 16,400 

Hill  drainage  below  Sunol  Dam 8,000 

Percolating  rainfall  on  cone  area 750 

Total  25,150 

Maximum    water    requirements    of   the 
cone 5,613 

Surplus 19.537 

The  surplus  over  the  maximum  requirements 
in  round  numbers  is  therefore  6,000  million  gal- 
lons or  16.5  M.  G.  D. 


Appendix  A. 


RAINFALL  OF  THE  ALAMEDA  SYSTEM 


BY 

J.  J.  Shaeon, 
Assistant  Engineer  Spring  Valley  Water  Company. 


A  continual  circulation  of  water  is  in  pro- 
gress on  the  surface  of  the  earth.  Water  evap- 
orates from  water  surfaces  and  moist  soil  sur- 
faces, rises  into  the  atmosphere  in  the  form  of 
vapor,  sometimes  partially  visible  as  clouds, 
mist  and  fog,  and  is  afterwards  precipitated  as 
rain. 

The  distribution  of  precipitation  is  by  no 
means  uniform.  In  California  there  is  a  great 
diversity  of  rainfall  sometimes  within  short  dis- 
tances, and  even  within  the  same  catchment 
area. 

The  great  variation  in  the  distribution  of 
the  rainfall  in  the  various  portions  of  the  Ala- 
meda System  may  be  judged  from  the  records 
showing  the  average  rainfall  at  three  points 
within  that  system. 

At  the  Lick  Observatory  (elevation  4200  feet) 
for  31  years  (1881-82  to  1911-12)  it  is  31.26 
inches;  at  Calaveras  Eeservoir  (elevation  600 
feet)  for  34  years  [1874-75  to  1911-12  (the  rec- 
ords for  the  years  1886-87,  1887-88,  1908-09 
and  1909-10  are  missing)  ]  it  is  26.40  inches ; 
and  at  Livermore  (elevation  485  feet)  for  41 
years  (1871-72  to  1911-12)  it  is  15.66  inches. 

Topography  Influences  Rainfall. 

In  general  the  rainfall  is  influenced  by  topo- 
graphical features  and  altitude.  On  the  Pa- 
cific Coast  and  in  the  Sierras  the  higher  rain- 
falls occur  in  the  mountainous  regions.  The 
mountain  ranges  intercept  the  moisture  as  it 
comes  from  the  ocean,  thus  causing  heavy  rain- 
falls in  those  higher  altitudes.  In  fact  the  in- 
tervention of  the  mountainous  regions  on  the 
Peninsula  and  in  the  Alameda  System  may  be 
said  to  be  the  cause  of  the  much  smaller  rain- 


fall in  the  San  Francisco  Bay,  Santa  Clara 
and  San  Joaquin  Valleys.  On  Plate  A  I  the  re- 
lation between  the  rainfall  in  the  mountainous 
regions  on  the  Peninsula,  in  the  Alameda 
System,  and  in  •  the  valleys  is  shown  diagram- 
atically.  The  mean  rainfall  and  the  elevation 
of  the  stations  are  plotted  as  ordinates,  and  the 
distance  inland  of  the  station  as  abscissae. 

On  Plate  A  2  there  is  shown  a  list  of  all  the 
rainfall  stations  whose  records  were  studied, 
together  with  the  periods  of  observation,  the  ob- 
served average  rainfall  and  the  expanded  long 
term  average  rainfall  for  each  station.  These 
rainfall  stations  have  been  located  on  the  Map 
(Plate  A  2)  of  the  Alameda  System. 

Value  of  Long  Records. 

The  quantity  of  rain  falling  upon  a  catch- 
ment area,  fluctuates  yearly,  and  within  the 
year,  and  its  distribution  may  be  subject  to  ex- 
treme variation  from  month  to  month. 

The  westerly  portion  of  the  Alameda  System 
is  well  within  the  relatively  humid  portion  of 
California,  while  the  easterly  portion  is  not  far 
distant  from  the  relatively  arid  San  Joaquin 
Valley. 

It  is  noteworthy,  however,  that  most  of  the 
storms  in  the  Bay  region  of  California  cover 
extended  areas.  Local  intense  rains  over  re- 
stricted areas  are  unusual,  with  the  result  that 
seasonal  rainfall  at  any  one  station  in  this  re- 
gion is  a  fairly  good  index  of  the  precipitation 
elsewhere  in  the  region.  Long  rainfall  records 
have  much  greater  weight  than  have  those  cov- 
ering shorter  perids,  and  it  is  customary  in  en- 
gineering practice  to  expand  short  records  by 
comparison  with  the  longest  available  records. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


That  the  length  of  time  required  to  make  such 
records  safe  as  a  basis  for  future  estimates,  is 
an  important  point  in  the  consideration  of  rain- 
fall records,  will  be  seen  from  the  following 
comparison  of  short  term  records  at  San  Fran- 
cisco to  that  station's  long  term  record: 


If    San    Francis- 
co's rainfall 
record, 
including  1911-12, 
was 

10  years  long 

20  " 

25  " 

30  " 

40  " 

50  " 

55  " 

63  " 


The    average 

rainfall     for 

tliis     period 

would    be 

21.09  inches 

23.18       " 

21.16  " 
21.72       " 

22.17  " 
22.37  " 
22.78  " 
22.80      " 


The    average    rainfall    for   this 

period   compared    with   the 

actual    full    record    at 

S.  P.  would  be 

92.50%  of  the  full  record 
101.80% 

92.80% 

95.26% 

97.23% 

98.12% 

99.91% 
100.     % 


Comparisons  of  this  kind  for  the  short  periods 
at  stations  where  the  records  are  known  for  a 
long  period  will  show  departures  from  the  long 
period  averages  at  those  stations. 

The  conclusion  reached^  therefore,  is  that  the 
longer  the  record,  whether  it  be  an  actual  rec- 
ord, or  one  that  is  expanded  by  comparison  with 
a  longer  record,  the  more  closely  will  the  longer 
record  approximate  the  true  average  rainfall. 
Then,  too,  it  is  probable  that  no  departure  from 
the  actual  normal,  either  for  a  single  year  or 
for  a  series  of  years,  will  ever  exceed  that  which 
occurred  in  the  long  term  record. 

Stations  Used  in  Determination 
of  Rainfall  of  the  Alameda 
Catchment  Area. 

The  records  in  the  vicinity  of  the  Alameda 
System  have  been  carefully  studied  in  this  man- 
ner. The  stations  whose  records  have  thus  been 
studied  are  situated  on  the  Peninsula  of  San 
Francisco,  in  the  Santa  Clara  Valley  on  the 
east  side  of  the  Bay  of  San  Francisco,  in  the 
Alameda  "Watershed,  and  on  the  west  side  of 
the  San  Joaquin  Valley.  They  were  chosen  for 
the  purpose  of  indicating  the  distribution  and 
amount  of  rainfall  from  the  ocean  eastwardly, 
in  the  mountains  as  well  as  in  the  valleys.  The 
station  at  San  Francisco  was  taken  as  a  pri- 
mary base  because  of  its  value  in  covering  the 
longest  period  in  these  parts,  extending  over 
the  63  consecutive  seasons,  1849-50  to  1911-12. 

Livermore,  within  the  drainage  area,  and  San 


Jose,  outside  of,  but  within  the  immediate  vi- 
cinity of  the  Alameda  drainage  areas,  have  the 
longest  records  of  any  of  the  stations  in  the 
vicinity  of  the  Alameda  System.  These  two 
stations  have  been  combined,  and  their  means 
for  each  year  from  1874-75  to  1911-12,  have 
been  used  to  expand  to  a  similar  term  of  years 
(1874-75  to  1911-12)  the  seasonal  records  of 
Calaveras,  Lick  Observatory,  Niles,  Newman 
and  Tracy. 

The  latter  five  stations,  together  with  Liver- 
more  and  San  Jose,  have  been  selected,  because 
of  their  geographical  locations,  to  form  the  sec- 
ondary base,  (San  Francisco  being  the  primary 
base)  from  which  to  expand  all  the  stations 
named  and  located  on  Plate  A  2  to  long  term 
(63  years)  normals. 

The  records  of  these  five  stations  were  ex- 
panded to  the  same  term  as  the  San  Jose  and 
Livermore  records  by  comparing  their  means 
with  the  mean  of  the  means  of  Livermore  and 
San  Jose  for  a  period  corresponding  to  their 
term  of  record. 

The  records  of  each  of  the  seven  stations  were 
then  expanded  from  1874-75  to  1849-50  by  com- 
paring their  mean  record  with  the  mean  of  San 
Francisco  for  a  corresponding  period  of  time. 

The  seven  station  records  thus  expanded  to 
63  year  normals,  were  combined  and  used  as 
the  secondary  base  station  from  which  to  ex- 
pand all  the  other  rainfall  records  which  were 
studied. 

In  expanding  the  records  as  above  outlined, 
the  ratio  of  the  mean  of  the  short  term  record 
to  the  mean,  or  the  mean  of  the  means  of  the 
long  term  record,  was  assumed  to  apply  to  the 
whole  term  of  years  and  the  short  term  record 
was  corrected  accordingly.  In  this  manner  the 
records  were  reduced  to  the  same  basis. 


The  following  table  shows  the  rainfall  record, 
actual  and  expanded,  for  each  year  since  1849-50.^ 
to  and  including  1911-12  for  each  station  whose 
record  has  been  studied.  Figures  enclosed  in 
parenthesis  are  estimated  in  accordance  with 
the  method  outlined  above.  Figures  under  each 
station  refer  to  its  number  on  Plate  A  2. 


SIXTY-THREE    YEAR    RAINFALL    RECORD    EXPANDED   BY   COMPARISON  WITH   SAN   FRANCISCO. 


San  Francisco  Lick  Obser-       Liver-  San  Jose            Niles 
vatory            more 
(21)                  (5)                                          (3) 

1849-50 33.10  (42.26)  (23.17)  (22.70)  (28.13) 

1850-51 7.42  (10.37)  (5.19)  (5.09)  (6.31) 

1851-52 18.46  (25.81)  (12.92)  (12.66)  (15.69) 

1852-53 35.26  (49.28)  (24.68)  (24.19)  (29.97) 

1853-54 23.87  (33.36)  (16.71)  (16.37)  (20.29) 

1854-55 23.76  (33.20)  (16.63)  (16.30)  (20.20) 

1855-56 21.66  (30.26)  (15.16)  (14.86)  (18.41) 

1856-57 19.91  (27.82)  (13.94)  (13.66)  (16.92) 

1857-58 21.81  (30.50)  (15.27)  (14.96)  (18.54) 

1858-59 22.22  (31.08)  (15.55)  (15.24)  (18.89) 

1859-60 22.27  (31.12)  (15.59)  (15.28)  (18.93) 

1860-61 19.72  (27.57)  (13.80)  (13.53)  (16.76) 

1861-62 49.27  (68.85)  (34.49)  (33.80)  (41.87) 

1862-63 13.74  (19.20)  (9.62)  (9.43)  (11.68) 

1863-64 10.08  (14.10)  (   7.06)  (   6.92)  (   8.57) 

1864-65 24.73  (34.58)  (17.31)  (16.96)  (21.02) 

1865-66 22.93  (32.05)  (16.05)  (15.73)  (19.49) 

1866-67 34.92  (48.81)  (24.44)  (23.95)  (29.68) 

1867-68 38.84  (54.26)  (27.19)  (26.64)  (33.01) 

1868-69 21.35  (29.82)  (14.95)  (14.65)  (18.15) 

1869-70 19.31  (27.00)  (13.52)  (13.25)  (16.41) 

1870-71 14.11  (19.71)  (9.88)  (9.68)  (11.99) 

1871-72 30.78  (43.00)              19.06  (21.11)  (26.16) 

1872-73 15.66  (21.89)             10.69  (10.74)  (13.31) 

1873-74 24.73  (34.57)              12.26  (16.96)  (21.02) 

1874-75 20.56  (18.72)              11.67  7.90  (11.84) 

1875-76 31.19  (39.60)              19.99  19.47  (24.07) 

1876-77 11.04  (10.23)                6.01  4.83  (6.61) 

1877-78 35.18  (38.36)              17.66  19.28  (22.54) 

1878-79 24.44  (30.63)             10.11  16.40  (16.16) 

1879-80 26.66  (28.73)             15.98  13.77  (18.14) 

1880-81 29.86  (26.79)              16.45  12.45  (17.63) 

1881-82 16.14               29.15               11.70  11.75  (14.30) 

1882-83 20.12               37.26               13.86  10.59  (14.92) 

1883-84 32.38               58.09               22.75  20.08  (26.12) 

1884-85 18.10               44.67               12.04  11.27  (14.20) 

1885-86 33.05              31.42              16.17  20.63  (22.45) 

1886-87 19.04              24.08              11.17  11.36  14.85 

1887-88 16.74               30.03               13.13  12.17  14.94 

1888-89 23.86               21.85               15.81  15.71  15.97 

]889-90 45.85               45.16               28.66  30.30  35.91 

1890-91 17.58               24.05               14.16  12.88  14.83 

1891-92 18.53               27.49               14.25  16.51  16.39 

1892-93 21.75               37.93               26.29  25.17  23.46 

1893-94 18.47              35.84              17.16  12.92  21.91 

1894-95 25.70              36.61              24.37  23.32  27.30 

1895-96 21.25              29.76              16.35  13.69  19.58 

1896-97 23.43               32.22               17.28  16.56  24.02 

1897-98 9.38              17.66                9.11  6.87  11.99 

1898-99 16.87               25.73                 9.27  10.02  15.89 

1899-00 18.47              29.31              12.72  13.87  18.55 

1900-01 21.17               31.64               19.72  19.88  24.16 

1901-02 18.98               27.62               16.80  12.98  18.17 

1902-03 18.28              30.29              14.25  13.89  17.16 

1903-04 20.59              33.78              13.33  10.47  14.52 

1904-05 23.45  28.55              15.81  17.96  23.47 

1905-06 20.42              38.43              19.32  15.12  23.89 

1906-07 26.17  43.34               23.14  22.71  28.33 

1907-08 17.35  23.92                9.93  11.69  12.90 

1908-09 25.57  37.42              18.58  18.31  22.64 

1909-10 19.52  26.02              14.50  14.52  18.33 

1910-11         25.49              33.29              21.28  22.65  20.58 

1911-12 14.00  18.24                9.50  10.58  11.52 

Mean 22.80  31.88              15.95  15.63  19.39 


Newman 


(15.32) 

(  3.43) 

(   8.54) 

(16.31) 

(11.05) 

(10.99) 

(10.02) 

(   9.21) 

(10.09) 

(10.28) 

(10.31) 

(   8.92) 

(22.80) 

(   6.36) 

(  4.67) 

(11.45) 

(10.62) 

(16.16) 

(17.97) 

(   9.88) 

(   8.94) 

(   6.54) 

(14.24) 

(   7.25) 

(11.45) 

(   6.50) 

(13.11) 

(   3.60) 

(12.28) 

(   8.81) 

(   9.88) 

(   9.60) 

(  7.79) 

(  8.13) 

(14.23) 

(   7.74) 

(12.23) 

(  7.48) 

(   8.41) 

(10.48) 

23.67 

9.68 

9.08 

16.28 

4.88 

14.11 

10.23 

11.27 

5.67 

6.27 

11.58 

12.08 

8.27 

9.26 

7.04 

14.85 

14.73 

15.99 

7.68 

11.50 

9.83 

11.36 

6.72 


Tracy      Calaveras 


10.56 


(14.92) 
(  3.34) 
(  8.32) 
(15.89) 
(10.76) 
(10.71) 
(  9.76) 
(  8.97) 
(  9.83) 
(10.01) 
(10.04) 
(  8.88) 
(22.21) 
(  6.19) 
(  4.54) 
(11.15) 
(10.34) 
(15.74) 
(17.51) 
(  9.62) 
(  8.70) 
(  6.36) 
(13.87) 
(  7.06) 
(11.15) 
(  6.32) 
(12.75) 
(  3.50) 
(11.93) 
(  8.56) 

9.20 

10.68 

7.27 

8.10 

12.85 

4.91 

12.30 

7.27 

6.65 

10.31 

21.92 

9.34 

8.98 

11.63 

9.17 

12.11 

8.86 

9.39 

7.20 

9.11 

14.42 

14.10 

7.72 

10.28 

8.68 

15.15 

11.77 

15.73 

7.00 

12.26 

8.56 

10.07 

5.55 

10.29 


(7) 

(38.83) 

(   8.70) 

(21.65) 

(41.36) 

(28.00) 

(27.87) 

(25.41) 

(23.35) 

(25.58) 

(26.06) 

(26.12) 

(23.13) 

(57.80) 

(16.12; 

(11.82) 

(29.01) 

(26.90) 

(40.96) 

(45.56) 

(25.04) 

(22.65) 

(16.55) 

(35.50) 

(18.37) 

(29.01) 

16.28 

40.50 

12.15 

29.02 

21.43 

27.69 

25.03 

22.32 

21.40 

37.26 

19.63 

31.66 

(18.94) 

(21.28) 

19.87 

45.54 

20.23 

25.24 

39.20 

30.81 

38.63 

25.82 

31.20 

13.37 

20.98 

25.84 

30.66 

23.27 

24.95 

27.49 

28.72 

28.04 

32.98 

17.34 

(31.02) 

(24.41) 

28.12 

14.79 

26.73 
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Calaveras 
(23) 

1849-50 (41.45) 

1850-51 (  9.29) 

1851-52 (23.12) 

1852-53 (44.17) 

1853-54 (29.89) 

1854-55 (29.76) 

1855-56 (27.13) 

1856-57 (24.94) 

1857-58 (27.32) 

1858-59 (27.84) 

1859-60 (27.90) 

1860-61 (24.65) 

1861-62 (61.72) 

1862-63 (17.22) 

1863-64 (12.63) 

1864-65 (30.98) 

1865-66 (28.73) 

1866-67 (43.74) 

1867-68 (48.66) 

1868-69 ■..(26.74) 

1869-70 (24.19) 

1870-71 (17.68) 

1871-72 (37.87) 

1872-73 (20.71) 

1873-74 (29.88) 

1874-75 (17.35) 

1875-76 (37.12) 

1876-77 (10.27) 

1877-78 (33.08) 

1878-79 (24.54) 

1879-80 (27.00) 

1880-81 (25.98) 

1881-82 (22.84) 

1882-83 (25.02) 

1883-84 (41.91) 

1884-85 (25.06) 

1885-86 (32.16) 

1886-87 (20.83) 

1887-88 (23.35) 

1888-89 (24.08) 

1889-90 (50.62) 

1890-91 (23.03) 

1891-92 (25.83) 

1892-93 (39.41) 

1893-94 (29.07) 

1894-95 (38.65) 

1895-96 (27.21) 

1896-97 (31.09) 

1897-98 (15.74) 

1898-99 (21.29) 

1899-00 (27.65) 

1900-01 (33.34) 

1901-02 (25.16) 

1902-03 (26.29) 

1903-04] 

f 56.81 

1904-05  J 

1905-06 (33.13) 

1906-07 (39.90) 

1907-08 (19.81) 

1908-09 (33.23) 

1909-10 (25.45) 

1910-11 (32.27) 

1911-12 (16.83) 

Mean  28.58 


Calaveras 

Calaveras 

Calaveras 

Calaveras 

Calaveras 

Calaveras 

Calaveras 

(19) 

(20) 

(22) 

(24) 

(41) 

(40) 

(29) 

(40.43) 

(42.37) 

(38.41) 

(41.13) 

(35.85) 

(27.42) 

(38.48) 

(  9.06) 

(  9.50) 

(  8.61) 

(  9.22) 

(  8.04) 

(  6.15) 

(  8.62) 

(22.54) 

(23.63) 

(21.42) 

(22.94) 

(20.00) 

(15.29) 

(21.46) 

(43.07) 

(45.15) 

(40.93) 

(43.82) 

(38.20) 

(29.21) 

(41.00) 

(29.15) 

(30.56) 

(27.70) 

(29.66) 

(25.86) 

(19.77) 

(27.75) 

(29.02) 

(30.42) 

(27.57) 

(29.52) 

(25.74) 

(19.68) 

(27.62) 

(26.46) 

(27.74) 

(25.14) 

(26.92) 

(23.47) 

(17.95) 

(25.19) 

(24.32) 

(25.50) 

(23.11) 

(24.75) 

(21.57) 

(16.50) 

(23.15) 

(26.64) 

(27.92) 

(25.31) 

(27.10) 

(23.63) 

(18.07) 

(25.36) 

(27.15) 

(28.46) 

(25.80) 

(27.62) 

(24.08) 

(18.41) 

(25.84) 

(27.211 

(28.52) 

(25.86) 

(27.68) 

(24.13) 

(18.45) 

(25.90) 

(24.04) 

(25.20) 

(22.84) 

(24.46) 

(21.24) 

(16.31) 

(22.88) 

(60.19) 

(63.09) 

(57.20) 

(61.22) 

(53.39) 

(40.82) 

(57.29) 

(16.79) 

(17.60) 

(15.95) 

(17.08) 

(14.89) 

(11.39) 

(15.98) 

(12.32) 

(12.91) 

(11.71) 

(12.53) 

(10.93) 

(  8.35) 

(11.73) 

(30.21) 

(31.67) 

(28.71) 

(30.74) 

(26.80) 

(20.49) 

(28.76) 

(28.02) 

(29.37) 

(26.62) 

(28.50) 

(24.85) 

(19.00) 

(26.67) 

(42.65) 

(44.71) 

(40.53) 

(43.40) 

(37.83) 

(28.93) 

(40.60) 

(47.45) 

(49.74) 

(45.09) 

(48.28) 

(42.09) 

(32.18) 

(45.17) 

(26.07) 

(27.33) 

(24.78) 

(26.53) 

(23.13) 

(17.69) 

(24.82) 

(23.59) 

(24.73) 

(22.42) 

(24.00) 

(20.92) 

(16.00) 

(22.45) 

(17.24) 

(18.07) 

(16.38) 

(17.54) 

(15.29) 

(11.69) 

(16.41) 

(36.93) 

(38.71) 

(35.09) 

(37.57) 

(32.75) 

(25.05) 

(35.15) 

(20.20) 

(21.17) 

(19.19) 

(20.55) 

(17.91) 

(13.71) 

(19.23) 

(29.14) 

(30.54) 

(27.69) 

(29.64) 

(25.84) 

(19.76) 

(27.73) 

(16.92) 

(17.74) 

(16.08) 

(17.22) 

(15.01) 

(11.48) 

(16.11) 

(36.19) 

(37.94) 

(34.41) 

(36.82) 

(32.10) 

(24.55) 

(34.45) 

(10.02) 

(10.50) 

(  9.52) 

(10.19) 

(  8.88) 

(  6.79) 

(  9.53) 

(32.26) 

(33.82) 

(30.66) 

(32.82) 

(28.62) 

(21.88) 

(30.71) 

(23.94) 

(25.09) 

(22.74) 

(24.35) 

(21.23) 

(16.23) 

(22.78) 

(26.33) 

(27.60) 

(25.02) 

(26.78) 

(23.35) 

(17.86) 

(25.06) 

(25.34) 

(26.56) 

(24.08) 

(25.78) 

(22.47) 

(17.19) 

(24.12) 

(22.28) 

(23.35) 

(21.17) 

(22.66) 

(19.76) 

(15.11) 

(21.20) 

(24.40) 

(25.57) 

(23.18) 

(24.82) 

(21.64) 

(16.55) 

(23.22) 

(40.88) 

(42.84) 

(38.84) 

(41.58) 

(36.25) 

(27.72) 

(38.91) 

(24.44) 

(25.62) 

(23.23) 

(24.87) 

(21.68) 

(16.58) 

(23.27) 

(31.37) 

(32.88) 

(29.80) 

(31.91) 

(27.82) 

(21.27) 

(29.85) 

(20.32) 

(21.30) 

(19.31) 

(20.67) 

(18.02) 

(13.78) 

(19.34) 

(22.77) 

(23.87) 

(21.64) 

(23.16) 

(20.19) 

(15.44) 

(21.67) 

(23.49) 

(24.62) 

(22.32) 

(23.89) 

(20.83) 

(15.93) 

(22.36) 

(49.37) 

(51.74) 

(46.91) 

(50.22) 

(43.78) 

(33.48) 

(46.99) 

(22.45) 

(23.54) 

(21.34) 

(22.84) 

(19.92) 

(15.23) 

(21.37) 

(25.19) 

(26.40) 

(23.94) 

(25.63) 

(22.34) 

(17.09) 

(23.98) 

(38.44) 

(40.29) 

(36.53) 

(39.10) 

(34.09) 

(26.07) 

(36.59) 

(28.34) 

(29.71) 

(26.93) 

(28.84) 

(25.14) 

(19.23) 

(26.98) 

(37.69) 

(39.50) 

(35.81) 

(38.34) 

(33.43) 

(25.56) 

(40.14) 

(26.54) 

(27.81) 

(25.22) 

(27,00) 

(23.54) 

(18.00) 

(25.26) 

(30.32) 

(31.78) 

(28.81) 

(30.85) 

(26.89) 

(20.56) 

(28.86) 

(15.35) 

(16.09) 

(14.59) 

(15.62) 

(13.62) 

(10.41) 

(14.61) 

(20.77) 

(21.77) 

(19.73) 

(21.13) 

(18.42) 

(14.08) 

(19.77) 

(26.97) 

(28.27) 

(25.63) 

(27.44) 

(23.92) 

(18.29) 

(25.67) 

(32.52) 

(34.08) 

(30.90) 

(33.08) 

(28.84) 

(22.06) 

(30.95) 

(24.53) 

(25.72) 

(23.31) 

(24.96) 

(21.76) 

(16.64) 

(23.35) 

(25.64) 

(26.88) 

(24.36) 

(26.08) 

(22.74) 

(17.39) 

(24.40) 

24.80 

24.57 

58.08 

52.63 

56.35 

39.54 

52.74 

(30.86) 

(27.37) 

(32.31) 

(33.86) 

(30.70) 

(32.87). 

(28.65) 

(21.91) 

(30.75) 

(38.92) 

(40.79) 

(36.98) 

(39.59) 

(34.52) 

(26.39) 

(37.04) 

(19.32) 

(20.25) 

(18.35) 

(19.65) 

(17.13) 

(13.10) 

(18.39) 

(32.41) 

(33.97) 

(30.80) 

(32.97) 

(28.75) 

(21.98) 

(30.85) 

(24.82) 

(26.01) 

(23.58) 

(25.25) 

(22.01) 

(16.83) 

(23.62) 

(31.47) 

(32.99) 

(29.90) 

(32.02) 

(27.91) 

(21.34) 

(29.95) 

(16.41) 

(17.21) 

(15.60) 

(16.70) 

(14.56) 

(11.13) 

(15.63) 

27. J 


29.22 


26.48 


28.36 


24.76 


19.91 


26.60 
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SIXTY-THREE    YEAR   RAINFALL    RECORD    EXPANDED   BY   COMPARISON   WITH   SAN   FRANCISCO. 


Calaveras 
(16) 

1849-50  (42.72) 

1850-51  (  9.58) 

1851-52  (23.83) 

1852-53  (45.52) 

1853-54  (30.81) 

1854-55  (30.67) 

1855-56  (27.97) 

1858-57  (25 .  71) 

1857-58  (28.16) 

1858-59  (28.69) 

1859-60  (28.76) 

1860-61  (25.41) 

1861-G2  (63.60) 

1862-63  (17.74)' 

1863-64  (13 .  02 ) 

1864-65  (31.93) 

1865-66  (29.61) 

1866-67  (45.08) 

1867-68  (50.15) 

1868-69  (27.56) 

1869-70  (24.93) 

1870-71  (18.22) 

1871-72  (39.03) 

1872-73  (21.35) 

1873-74  (30 .  80) 

1874-75  (17 .  89) 

1875-76  (38.25) 

1876-77  (10.59) 

1877-78  (34.10) 

1878-79  (25.30) 

1879-80  (27.83) 

1880-81  (26.78) 

1881-82  (23.54) 

1882-83  (25.79) 

1883-84  (43.20) 

1884-85  (25.83) 

1885-86  (33.15) 

1886-87  (21.47) 

1887-88  (24.06) 

1888-89  (24.82) 

1889-90  (52.17) 

1890-91  (23.73) 

1891-92  (26.62) 

1892-93  (40.62) 

1893-94 (29.96) 

1894-95  (39.83) 

1895-96  (28.04) 

1896-97  (32.04) 

1897-98  (16.23) 

1898-99  (21.95) 

1899-00  (28.50) 

1900-01  (34.37) 

1901-02  (25.93) 

1902-03  (27.10) 

1903-04?  58.93 

1904-05( 

1905-06  (34.14) 

1906-07  (41.13) 

1907-08  (20.41) 

1908-09  (34.25) 

1909-10  (26.23) 

1910-11  (33.26) 

1911-12  (17.35) 

Mean  29.46 


laveras 

Calaveras 

Calaveras 

Calaveras 

Calaveras 

(13) 

(30) 

(14) 

(15) 

(31) 

(39.32) 

(40.05) 

(44.56) 

(42.53) 

(42.32) 

(   8.81) 

(  8.97) 

(  9.99) 

(  9.53) 

(  9.48) 

(21.93) 

(22.33) 

(24.85) 

(23.72) 

(23.60) 

(41.89) 

(42.67) 

(47  .,48) 

(45.32) 

(45.09) 

(28.35) 

(28.88) 

(32.13) 

(30.68) 

(30.52) 

(28.22) 

(28.75) 

(31.99) 

(30.53) 

(30.38) 

(25.74) 

(26.21) 

(29.17) 

(27.84) 

(27.70) 

(23.66) 

(24.10) 

(26.81) 

(25.59) 

(25.46) 

(25.91) 

(26.39) 

(29.37) 

(28.03) 

(27.89) 

(26.40) 

(26.89) 

(29.93) 

(28.56) 

(28.42) 

(26.46) 

(26.95) 

(29.99) 

(28.63) 

(28.4^) 

(23.38) 

(23.81) 

(26.50) 

(25.29) 

(25.17) 

(58.54) 

(59.62) 

(66.34) 

(63.33) 

(63.00) 

(16.33) 

(16.63) 

(18.51) 

(17.66) 

(17.58) 

(11.98) 

(12.20) 

(13.58) 

(12.96) 

(12.90) 

(29.38) 

(29.93) 

(33.30) 

(31.79) 

(31.63) 

(27.25) 

(27.76) 

(30.88) 

(29.48) 

(29.33) 

(41.48) 

(42.25) 

(47.02) 

(44.88) 

(44.65) 

(46.15) 

(47.01) 

(52.30) 

(49.93) 

(49.68) 

(25.36) 

(25.83) 

(28.74) 

(27.44) 

(27.30) 

(22.94) 

(23.37) 

(26.01) 

(24.82) 

(24.70) 

(16.77) 

(17.08) 

(19.00) 

(18.14) 

(18.04) 

(35.91) 

(36.58) 

(40.70) 

(38.85) 

(38.66) 

(19.64) 

(20.01) 

(22.26) 

(21.25) 

(21.14) 

(28.34) 

(28.86) 

(32.12) 

(30.66) 

(30.50) 

(16.46) 

(16.76) 

(18.66) 

(17.81) 

(17.72) 

(35.20) 

(35.85) 

(39.90) 

(38.08) 

(37.89) 

(   9.74) 

(   9.92) 

(11.04) 

(10.54) 

(10.49) 

(31.38) 

(31.96) 

(35.56) 

(33.95) 

(33.77) 

(23.28) 

(23.71) 

(26.38) 

(25.18) 

(25.06) 

(25.61) 

(26.08) 

(29.02) 

(27.70) 

(27.56) 

(24.65) 

(25.10) 

(27.93) 

(Z6.66) 

(36.53) 

(21.66) 

(22.07) 

(24.56) 

(23.44) 

(23.32) 

(23.73) 

(24.17) 

(26.90) 

(25.67) 

(25.54) 

(39.75) 

(40.49) 

(45.06) 

(43.01) 

(42.79) 

(23.77) 

(24.21) 

(26.94) 

(25.72) 

(25.59) 

(30.51) 

(31.07) 

(34.57) 

(33.00) 

(32.84) 

(19.76) 

(20.13) 

(22.40) 

(21.38) 

(21.27) 

(22.14) 

(22.55) 

(25.10) 

(23.96) 

(23.84) 

(22.84) 

(23.27) 

(25.89) 

(24.71) 

(24.59) 

(48.01) 

(48.90) 

(54.42) 

(51.94) 

(51.68) 

(21.84) 

(22.24) 

(24.75) 

(23.63) 

(23.51) 

(24.50) 

(24.95) 

(27.77) 

(26.51) 

(26.37) 

(37.38) 

(38.08) 

(42.37) 

(40.44) 

(40.24) 

(27.57) 

(28.08) 

(31.25) 

(29.82) 

(29.67) 

(36.66) 

(37.33) 

(41.55) 

(39.65) 

(39.45) 

(25.81) 

(26.29) 

(29.25) 

(27.92) 

(27.78) 

(29.49) 

(30.03) 

(33.42) 

(31.90) 

(31.74) 

(14.93) 

(15.21) 

(16.92) 

(16.15) 

(16.07) 

(20.20) 

(20.58) 

(22.89) 

(21.85) 

(21.74) 

(26.23) 

(26.72) 

(29.73) 

(28.38) 

(28.23) 

(31.62) 

(32.21) 

(35.84) 

(34.21) 

(34.04) 

(23.86) 

(24.30) 

(27.04) 

(25.81) 

(25.68) 

(24.94) 

(25.40) 

(28.26) 

(26.98) 

(26.84) 

57.08 

54.88 

139.59 

133.24 

29.00 
(32.30) 

(31.42) 

(32.00) 

(For  4  years) 

(33.82) 

(37.85) 

(38.55) 

(40.74) 

(18.79) 

(19.14) 

(21.29) 

(20.32) 

(20.22) 

(31.52) 

(32.11) 

(35.73) 

(34.10) 

(33.93) 

(24.14) 

(24.58) 

(27.36) 

(26.11) 

(25.98) 

(30.61) 

(31.17) 

(34.69) 

(33.11) 

(32.94) 

(15.97) 

(16.26) 

(18.10) 

(17.27) 

(17.18) 

27.16 


27.61 


30.72 


29.32 


29.39 
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SIXTY-THREE    YEAR    RAINFALL    RECORD    EXPANDED   BY   COMPARISON   WITH   SAN   FRANCISCO. 


Arroyo 

Valle 

(25) 

1849-50 (39.56) 

1850-51 (  8.87) 

1851-52 (22.06) 

1852-53 (42.15) 

1853-54 (28.53) 

1854-55 (28.40) 

1855-56 (25.90) 

1856-57 (23.80) 

1857-58 (26.07) 

1858-59 (26.57) 

1859-60 (26.63) 

1860-61 (23.53) 

1861-62 (58.90) 

1862-63 (16.43) 

1863-64 (12.06) 

1864-65 (29.57) 

1865-66 (27.42) 

1866-67 (41.74) 

1867-68 (46.44) 

1868-69 (25.52) 

1869-70 (23.09) 

1870-71 (16.87) 

1871-72 (36.14) 

1872-73 (19.77) 

1873-74 (28.51) 

1874-75 (10.56) 

1875-76 (35.42) 

1876-77 (  9.80) 

1877-78 (31.57) 

1878-79 (23.42) 

1879-80 (25.76) 

1880-81 (24.80) 

1881-82 (21.80) 

1882-83 (23.88) 

1883-84 (40.00) 

1884-85 (23.92) 

1885-86  (30.70) 

1886-87 (19.88) 

1887-88  (22.28) 

1888-89 (22.98) 

1889-90 (48.31) 

1890-91 (21.97) 

1891-92 (24.65) 

1892-93 (37.61) 

1893-94 (27.74) 

1894-95 (36.88) 

1895-96 (25.97) 

1896-97 (29.67) 

1897-98 (15.02) 

1898-99 (20.32) 

1899-00 (26.39) 

1900-01 (31.82) 

1901-02 (24.01) 

1902-03 (25.09) 

1904-05 54.21 

1905-06 (31.62) 

1906-07 (38.08) 

1907-08 (18.90) 

1908-09  (31.72) 

1909-10 (24.29) 

1910-11 (30.80) 

1911-12 (16.06) 

*1903-04 


Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Valle 

Valle 

Valle 

Valle 

Valle 

Valle 

Valle 

(42) 

(10) 

(11) 

(39) 

(43) 

(28) 

(38) 

(27.93) 

(31.93) 

(29.63) 

(29.77) 

(31.42) 

(31.31) 

(31.50) 

(  6.26) 

(  7.16) 

(   6.64) 

(   6.67) 

(  7.04) 

(  7.02) 

(  7.06) 

(15.58) 

(17.81) 

(16.53) 

(16.60) 

(17.52) 

(17.46) 

(17.57) 

(29.76) 

(34.02) 

(31.57) 

(31.72) 

(33.48)  . 

(33.36) 

(33.56) 

(20.14) 

(23.03) 

(21.37) 

(21.47) 

(22.66) 

(22.58) 

(22.72) 

(20.05) 

(22.92) 

(21.27) 

(21.37) 

(22.55) 

(22.48) 

(22.61) 

(18.28) 

(20.90) 

(19.40) 

(19.49) 

(20.57) 

(20.50) 

(20.62) 

(16.81) 

(19.22) 

(17.83) 

(17.91) 

(18.91) 

(18.84) 

(18.95) 

(18.41) 

(21.04) 

(19.53) 

(19.62) 

(20.71) 

(20.64) 

(20.76) 

(18.76) 

(21.45) 

(19.90) 

(19.99) 

(21.10) 

(21.03) 

(21.16) 

(18.80) 

(21.49) 

(19.95) 

(20.04) 

(21.15) 

(21.07) 

(21.20) 

(16.61) 

(18.99) 

(17.62) 

(17.70) 

(18.69) 

(18.62) 

(18.73) 

(41.59) 

(47.55) 

(44.12) 

(44.32) 

(46.79) 

(46.62) 

(46.90) 

(11.60) 

(13.26) 

(12.31) 

(12.36) 

(13.05) 

(13.00) 

(13.08) 

(  8.51) 

(   9.73) 

(   9.03) 

(   9.07) 

(   9.58) 

(   9.54) 

(  9.60) 

(20.88) 

(23.87) 

(22.15) 

(22.25) 

(23.48) 

(23.40) 

(23.53) 

(19.36) 

(22.13) 

(20.54) 

(20.63) 

(21.78) 

(21.70) 

(21.83) 

(29.47) 

(33.69) 

(31.27) 

(31.41) 

(33.15) 

(33.04) 

(33.24) 

(32.79) 

(37.48) 

(34.79) 

(34.94) 

(36.88) 

(36.75) 

(36.98) 

(18.02) 

(20.60) 

(19.11) 

(19.20) 

(20.27) 

(20.20) 

(20.32) 

(16.30) 

(18.64) 

(17.29) 

(17.37) 

(18.34) 

(18.27) 

(18.38) 

(11.91) 

(13.62) 

(12.64) 

(12.69) 

(13.40) 

(13.35) 

(13.43) 

(25.51) 

(29.17) 

(27.07) 

(27.19) 

(28.70) 

(28.60) 

(28.78) 

(13.96) 

(15.96) 

(14.81) 

(14.87) 

(15.70) 

(15.64) 

(15.74) 

(20.13) 

(23.02) 

(21.36) 

(21.46) 

(22.65) 

(22.57) 

(22.71) 

(11.69) 

(13.37) 

(12.41) 

(12.46) 

(13.15) 

(13.11) 

(13.19) 

(25.01) 

(28.59) 

(26.53) 

(26.65) 

(28.13) 

(28.04) 

(28.21) 

(  6.92) 

(  7.91) 

(   7.34) 

(  7.38) 

(  7.79) 

(  7.76) 

(  7.81) 

(22.29) 

(25.48) 

(23.65) 

(23.76) 

(25.08) 

(24.99) 

(25.14) 

(16.54) 

(18.91) 

(17.55) 

(17.63) 

(18.60) 

(18.54) 

(18.65) 

(18.19) 

(20.80) 

(19.30) 

(19.39) 

(20.46) 

(20.39) 

(20.52) 

(17.51) 

(20.02) 

(18.58) 

(18.66) 

(19.70) 

(19.63) 

(19.75) 

(15.39) 

(17.60) 

(16.33) 

(16.41) 

(17.32) 

(17.25) 

(17.36) 

(16.86) 

(19.27) 

(17.89) 

(17.97) 

(18.96) 

(18.90) 

(19.01) 

(28.24) 

(32.29) 

(29.96) 

(30.10) 

(31.77) 

(31.65) 

(31.85) 

(16.89) 

(19.31) 

(17.92) 

(18.00) 

(19.00) 

(18.93) 

(19.05) 

(21.67) 

(24.78) 

(22.99) 

(23.10) 

(24.38) 

(24.29) 

(24.44) 

(14.04) 

(16.05) 

(14.89) 

(14.96) 

(15.79) 

(15.74) 

(15.83) 

(15.73) 

(17.99) 

(16.69) 

(16.77) 

(17.70) 

(17.64) 

(17.74) 

(16.23) 

(18.55) 

(17.22) 

(17.30) 

(18.26) 

(18.19) 

(18.30) 

(34.10) 

(39.00) 

(36.19) 

(36.35) 

(38.37) 

(38.24) 

(38.47) 

(15.52) 

(17.74) 

(16.46) 

(16.54) 

(17.45) 

(17.39) 

(17.50) 

(17.41) 

(19.90) 

(18.47) 

(18.55) 

(19.58) 

(19.51) 

(19.63) 

(26.56) 

(30.36) 

(28.18) 

(28.31) 

(29.88) 

(29.77) 

(29.95) 

(19.59) 

(22.39) 

(20.78) 

(20.87) 

(22.03) 

(21.96) 

(22.09) 

(26.04) 

(29.77) 

(27.63) 

(27.75) 

(29.29) 

(29.19) 

(29.37) 

(18.34) 

(20.96) 

(19.45) 

(19.54) 

(20.63) 

(20.55) 

(20.68) 

(20.95) 

(23.95) 

(22.23) 

(22.33) 

(23.57) 

(23.48) 

(23.63) 

(10.61) 

(12.13) 

(11.26) 

(11.31) 

(11.93) 

(11.89) 

(11.96) 

(14.35) 

(16.40) 

(15.22) 

(15.29) 

(16.14) 

(16.08) 

(16.18) 

(18.64) 

(21.30) 

(19.77) 

(19.86) 

(20.96) 

(20.89) 

(21.08) 

(22.47) 

(25.69) 

(23.84) 

(23.95) 

(25.27) 

(25.19) 

(25.34) 

(16.95) 

(19.38) 

(17.98) 

(18.07) 

(19.07) 

(19.00) 

(19.12) 

(17.72) 

(20.25) 

(18.80) 

(18.88) 

(19.63) 

(19.86) 

(19.98) 

38.29 

(24.38)* 

40.70 

40.79 

43.06 

42.91 

43.18 

(22.32) 

(25.52) 

(23.68) 

(23.79) 

(25.11) 

(25.02) 

(25.18) 

(26.89) 

(30.74) 

(28.53) 

(28.66) 

(30.25) 

(30.14) 

(30.33) 

(13.35) 

(15.26) 

(14.16) 

(14.22) 

(15.01) 

(14.96) 

(15.05) 

(22.40) 

(25.60) 

(23.76) 

(23.87) 

(25.19) 

(25.10) 

(25.26) 

(17.15) 

(19.60) 

(18.19) 

(18.28) 

(19.29) 

(19.22) 

(19.34) 

(21.74) 

(24.86) 

(23.07) 

(23.18) 

(24.46) 

(24.38) 

(24.52) 

(11.34) 

(12.97) 
19.59 

V 

(12.03) 

(13.09) 

(12.76) 

(12.71) 

(12.79) 

Mean  ....  27.28 


19.25 


22.02 


20.43 


20.52 


21.66 


21.59 


31.72 
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Arroyo 
Valle 
(33) 

1849-50 (26.65) 

1850-51 (  5.97) 

1851-52 (14.85) 

1852-53 (28.39) 

1853-54 (19.22) 

1854-55 (19.13) 

1855-56 (17.44) 

1856-57 (16.03) 

1857-58 (17.56) 

1858-59 (17.89) 

1859-60 (17.93) 

1860-61 (15.85) 

1861-62 (39.67) 

1862-63 (11.07) 

1863-64 (  8.12) 

1864-65 (19.91) 

X865-66 (18.47) 

1866-67 (28.11) 

1867-68 (31.28) 

1868-69 (17.19) 

1869-70 (15.55) 

1870-71 (11.36) 

1871-72 (24.34) 

1872-73 (13.31) 

1873-74 (19.21) 

1874-75 (11.16) 

1875-76 (23.86) 

1876-77 (  6.60) 

1877-78 (21.26) 

1878-79 (15.78) 

1879-80 (17.35) 

1880-81 (16.70) 

1881-82 (14.68) 

1882-83 (16.08) 

1883-84 (26.94) 

1884-85 (16.11) 

1885-86 (20.67) 

1886-87 (13.39) 

1887-88 (15.01) 

1888-89 (15.48) 

1889-90 (32.54) 

1890-91 (14.80) 

1891-92 (16.60) 

1892-93 (25.33) 

1893-94 (18.68) 

1894-95 (24.84) 

1895-96 (17.49) 

1896-97 (19.98) 

1897-98 (10.12) 

l!srf8-99 (13.69) 

1899-00 (17.78) 

1900-01 (21.43) 

1901-02 (16.17) 

1902-03 (16.90) 

1903-04 ?  „g  51 

1904-05 J  ^^-^^ 

1905-06 (21.29) 

1906-07 (25.65) 

1907-08 (12.73) 

1908-09 (21.36) 

1909-10 (16.36) 

1910-11 (20.74) 

1911-12 (10.82) 

Mean 18.37 


Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Valle 

Valle 

Valle 

Valle 

Valle 

Valle 

Valle 

(45) 

(36) 

(8) 

(9) 

(35) 

(27) 

(26&46) 

(28.23) 

(28.07) 

(28.26) 

(25.96) 

(26.52) 

(29.96) 

(30.69) 

(   6.33) 

(  6.29) 

(   6.33) 

(   5.82) 

(   5.94) 

(   6.71) 

(   6.88) 

(15.74) 

(15.65) 

(15.76) 

(14.48) 

(14.79) 

(16.71) 

(17.12) 

(30.08) 

(29.90) 

(30.11) 

(27.66) 

(28.25) 

(31.92) 

(32.70) 

(20.36) 

(20.24) 

(20.38) 

(18.72) 

(19.12) 

(21.61) 

(22.13) 

(20.26) 

(20.15) 

(20.28) 

(18.63) 

(19.03) 

(21.51) 

(22.03) 

(18.48) 

(18.37) 

(18.50) 

(16.99) 

(17.36) 

(19.61) 

(20.09) 

(16.99) 

(16.89) 

(17.00) 

(15.62) 

(15.95) 

(18.03) 

(18.47) 

(18.60) 

(18.50) 

as. 62) 

(17.11) 

(17.48) 

(19.75) 

(20.23) 

(18.96) 

(18.85) 

(18.98) 

(17.43) 

(17.81) 

(20.12) 

(20.61) 

(19.00) 

(18.89) 

(19.02) 

(17.47) 

(17.85) 

(20.16) 

(20.66) 

(16.79) 

(16.69) 

(16.80) 

(15.44) 

(15.77) 

(17.82) 

(18.25) 

(42.03) 

(41.79) 

(42.07) 

(38.65) 

(39.47) 

(44.61) 

(45.70) 

(11.72) 

(11.66) 

(11.74) 

(10.78) 

(11.01) 

(12.44) 

(12.75) 

(  8.60) 

(  8.55) 

(  8.61) 

(   7.91) 

(   8.08) 

(   9.13) 

(   9.35) 

(21.10) 

(20.98) 

(21.12) 

(19.40) 

(19.82) 

(22.39) 

(22.94) 

(19.56) 

(19.45) 

(19.58) 

(17.99) 

(18.38) 

(20.76) 

(21.27) 

(29.78) 

(29.61) 

(29.81) 

(27.39) 

(27.98) 

(31.61) 

(32.38) 

(33.14) 

(32.95) 

(33.17) 

(30.47) 

(31.13) 

(35.17) 

(36.02) 

(18.21) 

(18.10) 

(18.23) 

(16.74) 

(17.10) 

(19.32) 

(19.79) 

(16.47) 

(16.38) 

(16.48) 

(15.15) 

(15.48) 

(17.48) 

(17.91) 

(12.04) 

(11.97) 

(12.05) 

(11.07) 

(11.31) 

(12.78) 

(13.09) 

(25.79) 

(25.64) 

(25.81) 

(23.71) 

(24.22) 

(27.37) 

(28.03) 

(14.10) 

(14.02) 

(14.12) 

(12.97) 

(13.25) 

(14.97) 

(15.33) 

(20.35) 

(20.23) 

(20.37) 

(18.71) 

(19.11) 

(21.59) 

(22.12) 

(11.82) 

(11.75) 

(11.83) 

(10.87) 

(11.10) 

(12.54) 

(12.85) 

(25.27) 

(25.13) 

(25.30) 

(23.24) 

(23.74) 

(26.82) 

(27.48) 

(   6.99) 

(   6.96) 

(   7.00) 

(   6.43) 

(   6.57) 

(   7.42) 

(   7.60) 

(22.53) 

(22.40) 

(22.55) 

(20.72) 

(21.16) 

(23.91) 

(24.49) 

(16.71) 

(16.62) 

(16.73) 

(15.37) 

(15.70) 

(17.74) 

(18.17) 

(18.38) 

(18.28) 

(18.40) 

(16.91) 

(17.27) 

(19.51) 

(19.99) 

(17.70) 

(17.59) 

(17.71) 

(16.27) 

(16.62) 

(18.78) 

(19.24) 

(15.56) 

(15.47) 

(15.57) 

(14.30) 

(14.61) 

(16.51) 

(16.91) 

(17.04) 

(16.94) 

(17.05) 

(15.67) 

(16.00) 

(18.08) 

(18.52) 

(28.54) 

(28.38) 

(28.57) 

(26.25) 

(26.81) 

(30.29) 

(31.03) 

(17.07) 

(16.97) 

(17.09) 

(15.70) 

(16.03) 

(18.12) 

(18.56) 

(21.90) 

(21.78) 

(21.93) 

(20.14) 

(20.57) 

(23.25) 

(23.81) 

(14.19) 

(14.11) 

(14.20) 

(13.05) 

(13.33) 

(15.06) 

(15.42) 

(15.90) 

(15.81) 

(15.92) 

(14.62) 

(14.94) 

(16.87) 

(17.29) 

(16.40) 

(16.31) 

(16.42) 

(15.08) 

(15.41) 

(17.41) 

(17.83) 

(34.47) 

(34.27) 

(34.51) 

(31.70) 

(32.38) 

(36.59) 

(37.48) 

(15.68) 

(15.59) 

(15.70) 

(14.42) 

(14.73) 

(16.64) 

(17.05) 

(17.59) 

(17.49) 

(17.61) 

(16.18) 

(16.52) 

(18.67) 

(19.12) 

(26.84) 

(26.69) 

(26.87) 

(24.68) 

(25.21) 

(28.49) 

(29.18) 

(19.79) 

(19.68) 

(19.81) 

(18.20) 

(18.59) 

(21.01) 

(21.51) 

(26.32) 

(26.17) 

(26.34) 

(24.20) 

(24.72) 

(27.93) 

(28.01) 

(18.53) 

(18.43) 

(18.55) 

(17.04) 

(17.41) 

(19.67) 

(20.15) 

(21.17) 

(21.05) 

(21.19) 

(19.47) 

(19.89) 

(22.47) 

(23.02) 

(10.72) 

(10.66) 

(10.73) 

(   9.86) 

(10.07) 

(11.38) 

(11.06) 

(14.50) 

(14.42) 

(14.52) 

(13.34) 

(13.62) 

(15.39) 

(15.70) 

(18.83) 

(18.73) 

(18.85) 

(17.32) 

(17.69) 

(19.99) 

(20.48) 

(22.70) 

(22.58) 

(22.73) 

(20.88) 

(21.33) 

(24.10) 

(24.09) 

(17.13) 

(17.03) 

(17.15) 

(15.76) 

(16.09) 

(18.18) 

(18.03) 

(17.90) 

(17.80) 

(17.92) 

(16.47) 

(16.82) 

(19.00) 

(19.46) 

38.67 

38.46 

38.73 

35.58 

36.33 

41.08 

42.06 

(22.56) 

(22.43) 

(22.58) 

(20.75) 

(21.19) 

(23.94) 

(24.53) 

(27.18) 

(27.02) 

(27.20) 

(24.99) 

(25.53) 

(28.84) 

(29.54) 

(13.49) 

(13.41) 

(13.50) 

(12.40) 

(12.67) 

(14.32) 

(14.06) 

(22.63) 

(22.50) 

(22.66) 

(20.81) 

(21.26) 

(24.02) 

(24.61) 

(17.33) 

(17.23) 

(17.35) 

(15.94) 

(16.28) 

(18.39) 

(18.84) 

(21.98) 

(21.85) 

(22.00) 

(20.21) 

(20.64) 

(23.32) 

(23.89) 

(11.46) 

(11.41) 

(11.48) 

(10.54) 

(10.77) 

(12.17) 

(12.46) 

19. 4u 


19.35 


13.48 


17.90 


18.28 


20.60 


21.10 
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Westley 

1849-50 (14.18) 

1850-51 (  3.18) 

1851-52 (  7.91) 

1852-53 (15.11) 

1853-54 (10.23) 

1854-55 (10.18) 

1855-56 (   9.28) 

1856-57 (   8.53) 

1857-58... (  9.35) 

1858-59 (   9.53) 

1859-60 (  9.54) 

1860-61 (   8.44) 

1861-62 (21.11) 

1862-63 (  5.89) 

1863-64 (  4.32) 

1864-65 (10.60) 

1865-66 (10.44) 

1866-67 (14.96) 

1867-68 (16.64) 

1868-69 (   9.17) 

1869-70 (   8.61) 

1870-71 (  8.07) 

1871-72 (13.00) 

1872-73 (   7.07) 

1873-74 (10.22) 

1874-75 (  5.85) 

1875-76 (12.70) 

1876-77 (   3.52) 

1877-78 (   4.13) 

1878-79 (  8.40) 

1879-80 (  9.24) 

1880-81 (  8.87) 

1881-82 (  7.81) 

1882-83 (  8.55) 

1883-84 (14.32) 

1884-85 (   8.57) 

1885-86 (10.99) 

1886-87 (  7.11) 

1887-88 (  7.98) 

1888-89 4.60 

1889-90 17.01 

1890-91 7.09 

1891-92 8.98 

1892-93 14.65 

1893-94 7.62 

1894-95 13.92 

1895-96 10.44 

1896-97 14.06 

1897-98 4.18 

1898-99 7.84 

1899-00 10.14 

1900-01 13.71 

1901-02 7.87 

1902-03 11.08 

1903-04 7.68 

1904-05 11.65 

1905-06 13.18 

1906-07 16.87 

1907-08 7.64 

1908-09 9.78 

1909-10 8.91 

1910-11 12.84 

1911-12 8.47 

Mean 9.91 


Pleasanton 

Pleasanton 

Sunol 

Gilroy 

(S.V.W.Co.) 

(S.P.R.R.) 

(2) 

(1) 

(4) 

(28.62) 

(36.77) 

(24.05) 

(31.34) 

(   6.42) 

(  8.24) 

(  5.39) 

(  7.02) 

(15.96) 

(20.51) 

(13.41) 

(17.48) 

(30.48) 

(39.18) 

(25.61) 

(33.39) 

(20.64) 

(26.52) 

(17.34) 

(22.60) 

(20.54) 

(26.40) 

(17.25) 

(22.50) 

(18.72) 

(24.07) 

(15.73) 

(20.51) 

(17.21) 

(22.13) 

(14.46) 

(18.86) 

(18.86) 

(24.24) 

(15.84) 

(20.65) 

(19.23) 

(24.70) 

(16.15) 

(21.05) 

(19.26) 

(24.75) 

(16.18) 

(21.09) 

(17.03) 

(21.87) 

(14.30) 

(18.64) 

(42.60) 

(54.76) 

(35.79) 

(46.66) 

(11.88) 

(15.27) 

(   9.98) 

(13.02) 

(  8.72) 

(11.21) 

(  7.32) 

(   9.55) 

(21.39) 

(27.49) 

(17.97) 

(23.42) 

(21.07) 

(25.49) 

(17.71) 

(21.72) 

(30.20) 

(38.80) 

(25.37) 

(33.06) 

(33.58) 

(43.17) 

(28.21) 

(36.79) 

(18.50) 

(23.72) 

(15.54) 

(20.21) 

(17.37) 

(21.46) 

(14.59) 

(18.29) 

(12.20) 

(15.68) 

(10.25) 

(13.36) 

(26.22) 

(33.59) 

(22.03) 

(28.63) 

(14.26) 

(18.36) 

(11.99) 

(15.66) 

(20.62) 

(26.51) 

(17.33) 

(22.59) 

15.12 

(15.39) 

(  9.92) 

(13.12) 

31.04 

(32.93) 

(21.53) 

(28.06) 

6.53 

(  9.11) 

(  5.96) 

(  7.77) 

28.03 

(29.35) 

(19.19) 

(25.01) 

16.76 

(21.77) 

(14.24) 

(18.56) 

22.38 

(23.95) 

(15.56) 

(20.41) 

23.42 

(23.05) 

(15.06) 

(19.64) 

14.09 

(20.26) 

(13.23) 

(17.27) 

15.19 

(22.20) 

(14.49) 

(18.91) 

24.60 

(37.05) 

(24.28) 

(31.69) 

14.74 

(22.24) 

(14.52) 

(18.95) 

21.45 

(28.53) 

(18.63) 

(24.32) 

11.11 

(18.48) 

(12.05) 

(15.75) 

16.78 

(20.71) 

(13.52) 

(17.65) 

14.44 

(21.37) 

(13.95) 

(18.21) 

37.75 

(44.91) 

(30.33) 

38.99 

14.84 

(20.431 

(13.34) 

14.05 

18.91 

(22.92) 

(14.95) 

16.54 

24.50 

(34.97) 

(22.83) 

27.19 

12.91 

(25.79) 

(17.47) 

21.72 

28.81 

(34.29) 

(22.39) 

27.02 

24.70 

(24.14) 

(15.77) 

17.59 

21.82 

(27.58) 

(18.02) 

22.22 

10.44 

(13.97) 

(   9.11) 

10.51 

19.44 

(18.89) 

(12.33) 

20.41 

14.54 

22.52 

(16.02) 

22.27 

23.17 

31.68 

(19. .31) 

25.57 

18.41 

21.14 

(14.83) 

19.46 

17.48 

22.30 

(15.24) 

19.02 

18.26 

26.92 

(14.64) 

22.16 

23.25 

23.82 

(18.33) 

23.29 

29.42 

29.16 

(19.19) 

25.21 

28.98 

32.03 

22.94 

29.78 

14.25 

15.85 

9.97 

16.70 

27.81 

31.14 

20.63 

25.18 

19.47 

22.20 

15.06 

18.53 

19.38 

32.39 

20.12 

28.43 

13.87 

16.57 

9.61 

15.81 

20.15 


25.29 


16.56 


21.58 
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Skunk 

Hollow 

(44) 

1849-50 (39.04) 

1850-5L (   8.75) 

1851-52 (21.77) 

1852-53 (41.59) 

1853-54 (28.15) 

1854-55 (28.02) 

1855-56 (25.55) 

1856-57 (23.49) 

1857-58 (25.73) 

1858-59 (26.22) 

1859-60 (26.27) 

1860-61 (23.21) 

1861-62 (58.16) 

1862-63 (16.21) 

1863-64 (11.90) 

1864-65 (29.18) 

1865-66 (27.05) 

1866-67 (41.19) 

1867-68 (45.82) 

1868-69 (25.18) 

1869-70 (22.78) 

1870-71 (16.64) 

1871-72 (35.66) 

1872-73 (19.50) 

1873-74 (28.14) 

1874-75 (16.34) 

1875-76 (34.95) 

1876-77 (9.67) 

1877-78 (31.16) 

1878-79 (23.11) 

1879-80 (25.42) 

1880-81 (24.47) 

1881-82 (21.51) 

1882-83 (23.56) 

1883-84 (39.47) 

1884-85 (23.60) 

1885-86 (30.29) 

1886-87 (19.62) 

1887-88 (21.99) 

1888-89 (22.68) 

1889-90 (47.67) 

1890-91 (21.68) 

1891-92 (24.33) 

1892-93 (37.12) 

1893-94 (27.37) 

1894-95 (36.40) 

1895-96 (25.62) 

1896-97 (29.28) 

1897-98 (14.83) 

1898-99 (20.05) 

1899-00 (26.04) 

1900-01 (31.40) 

1901-02 (23.69) 

1902-03 (24.76) 

1903-04 26.75 

1904-05 (29.80) 

1905-06 (31.20) 

1906-07 (37.58) 

1907-08 (18.65) 

1908-09 (31.30) 

1909-10 (23.96) 

1910-11 (30.39) 

1911-12 (15.85) 

Mean 26.96 


San 

San 

San 

Arroyo 

Arroyo 

Upper 

Felipe 

Felipe 

Felipe 

Valle 

Valle 

Alameda 

(18) 

(17) 

(32) 

(34) 

(37) 

(12) 

(35.96) 

(39.29) 

(33.55) 

(25.58) 

(24.42) 

(39.26) 

(   8.06) 

(  8.80) 

(  7.52) 

(   5.73) 

(   S.47) 

(  8.80) 

(20.06) 

(21.91) 

(18.71) 

(14.27) 

(13.62) 

(21.90) 

(38.32) 

(41.86) 

(35.75) 

(27.26) 

(26.01) 

(41.83) 

(25.94) 

(28.33) 

(24.20) 

(18.45) 

(17.61) 

(28.31) 

(25.82) 

(28.20) 

(24.09) 

(18.36) 

(17.53) 

(28.18) 

(23.54) 

(25.72) 

(21.97) 

(16.75) 

(15.98) 

(25.70) 

(21.64) 

(23.64) 

(20.19) 

(15.39) 

(14.69) 

(23.62) 

(23.70) 

(25.89) 

(22.11) 

(16.86) 

(16.09) 

(25.87) 

(24.15) 

(26.39) 

(22.53) 

(17.18) 

(16.40) 

(26.37) 

(24.21) 

(26.44) 

(22.58) 

(17.22) 

(16.43) 

(26.43) 

(21.39) 

(23.36) 

(19.95) 

(15.21) 

(14.52) 

(23.35) 

(53.54) 

(58.50) 

(49.96) 

(38.09) 

(36.35) 

(58.46) 

(14.94) 

(16.32) 

(13.94) 

(10.62) 

(10.14) 

(16.31) 

(10.96) 

(11.97) 

(10.23) 

(   7.80) 

(   7.44) 

(11.96) 

(26.88) 

(29.36) 

(25.08) 

(19.12) 

(18.25) 

(29.34J 

(24.93) 

(27.23) 

(23.25) 

(17.73) 

(16.92) 

(27.21) 

(37.95) 

(41.45) 

(35.40) 

(26.99) 

(25.76) 

(41.42) 

(42.21) 

(46.12) 

(39.39) 

(30.03) 

(28.67) 

(46.09) 

(23.20) 

(25.34) 

(21.64) 

(16.50) 

(15.75) 

(25.32) 

(20.99) 

(22.93) 

(19.58) 

(14.93) 

(14.25) 

(22.91) 

(15.34) 

(16.75) 

(14.31) 

(10.91) 

(10.41) 

(16.74) 

(32.85) 

(35.89) 

(30.65) 

(23.37) 

(22.30) 

(35.86) 

(17.97) 

(19.63) 

(16.77) 

(12.78) 

(12.20) 

(19.62) 

(25.92) 

(28.32) 

(24.09) 

(18.44) 

(17.60) 

(28.30) 

(15.06) 

(16.45) 

(14.05) 

(10.71) 

(10.22) 

(16.44) 

(32.20) 

(35.18) 

(30.04) 

(22.90) 

(21.86) 

(35.15) 

(   8.91) 

(  9.74) 

(   8.31) 

(   6.34) 

(   6.05) 

(   9.73) 

(28.70) 

(31.36) 

(26.78) 

(20.42) 

(19.49) 

(31.33) 

(21.29) 

(23.26) 

(19.87) 

(15.15) 

(14.46) 

(23.25) 

(23.42) 

(25.59) 

(21.85) 

(16.66) 

(15.90) 

(25.57) 

(22.54) 

(24.63) 

(21.03) 

(16.04) 

(15.31) 

(24.61) 

(19.82) 

(21.65) 

(18.49) 

(14.10) 

(13.45) 

(21.63) 

(21.71) 

(23.71) 

(20.25) 

(15.44) 

(14.74) 

(23.70) 

(36.36) 

(39.73) 

(33.93) 

(25.86) 

(24.69) 

(39.70) 

(21.75) 

(23.76) 

(20.29) 

(15.47) 

(14.76) 

(23.74) 

(27.90) 

(30.48) 

(26.04) 

(19.85) 

(18.94) 

(30.46) 

(18.08) 

(19.75) 

(16.86) 

(12.86) 

(12.27) 

(19.73) 

(20.26) 

(22.13) 

(18.90) 

(14.41) 

(13.75) 

(22.11) 

(20.90) 

(22.83) 

(19.50) 

(14.86) 

(14.19) 

(22.81) 

(43.92) 

(47.98) 

(40.98) 

(31.24) 

(29.82) 

(47.95) 

(19.98) 

(21.82) 

(18.64) 

(14.21) 

(13.56) 

(21.81) 

(22.41) 

(24.48) 

(20.91) 

(15.94) 

(15.22) 

(24.47) 

(34.20) 

(37.36) 

(31.90) 

(24.32) 

(23.22) 

(37.33) 

(25.22) 

(27.55) 

(23.53) 

(17.94) 

(17.12) 

(27.53) 

(33.53) 

(36.63) 

(3i.28) 

(23.85) 

(22.76) 

(36.60) 

(23.61) 

(25.79) 

(22.03) 

(16.79) 

(16.03) 

(25.77) 

(26.97) 

(29.47) 

(25.17) 

(19.19) 

(18.31) 

(29.45) 

(13.66) 

(14.92) 

(12.74) 

(   9.72) 

(  9.27) 

(14.91) 

(18.48) 

(20.18) 

(17.24) 

(13.14) 

(12.54) 

(20.17) 

(23.99) 

(26.21) 

(22.39) 

(17.07) 

(16.29) 

(26.19) 

(28.93) 

(31.60) 

(26.99) 

(20.58) 

(19.64) 

(31.58) 

(21.83) 

(23.84) 

(20.36) 

(15.52) 

(14.82) 

(23.83) 

(22.81) 

(24.92) 

(16.22) 

(15.49) 

(24.90) 

49.28 

53.84 

57.63 

(29.99) 

35.05 

33.45 

53.81 

(28.74) 

(26.82) 

(20.44) 

(19.51) 

(31.38) 

^34.62) 

(37.82) 

(32.30) 

(24.62) 

(23.50) 

(37.80) 

(17.18) 

(18.77) 

(16.03) 

(12.22) 

(11.67) 

(18.76) 

(28.84) 

(31.50) 

(26.90) 

(20.51) 

(19.58) 

(31.48) 

(22.08) 

(24.12) 

(20.60) 

(15.70) 

(14.99) 

(24.10) 

(28.00) 

(30.59) 

(26.12) 

(19.91) 

(19.01) 

(30.57) 

(14.60) 

(15.95) 

(13.63) 

(10.38) 

(   9.91) 

(15.94) 

24.79 


27.07 


22.98 


17.63 


16.82 


27.07 
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Distribution  of  Normal  Rainfall. 

The  normal  rainfall  at  these  stations  was 
used  to  locate  the  position  of  some  of  the 
isohyetal  lines  also  plotted  on  Map  (Plate  A  2). 
In  plotting  the  isohyetal  lines  in  such  portions 
of  the  drainage  areas,  where  no  rainfall  records 
existed  or  were  available,  consideration  was 
given  to  the  topography  of  the  land,  and 
to  the  character  of  its  vegetation,  as  well  as 
to  the  rate  of  increase  or  diminution  of  rainfall 
in  the  mountainous  regions  due  to  altitude. 

The  isohyetals  plotted  are  lines  of  equal  mean 
rainfall.  The  rainfall  is  for  the  period  of  63 
years.  The  mean  area  rainfall  over  each  water- 
shed or  drainage  area  of  the  Alameda  System, 
as  well  as  for  the  entire  Alameda  System,  was 
computed  with  a  planimeter,  by  determining 
the  area  between  lines  of  rainfall  and  assuming 
the  mean  between  two  lines  bounding  that  area 
as  the  mean  rainfall  to  be  applied  to  the  area. 

The  cubical  quantities  of  precipitation  thus 
computed  for  each  watershed  or  drainage  area 
were  added  together  and  the  total  sum  divided 
by  the  area  of  that  watershed  or  drainage  area. 
The  resulting  qviotient  was  taken  as  the  mean 
area  rainfall  for  that  portion  of  the  Alameda 
System. 

In  like  manner  the  mean  area  rainfall  for  the 
63  year  period  for  each  watershed  or  subdivision 
of  the  Alameda  system,  as  well  as  the  entire  sys- 
tem was  computed,  and  is  as  follows: 

Mean     area 
rainfall 
for  63 
Area    in    Sq-       year  period. 
Name  of  Drainage  Area.  Miles.  in  inches. 

Calaveras  Creek 98.30  28.55 

Upper  Alameda   35.32  27.75 

San  Antonio   38.70  23.93 

Arroyo  Valle  140.80  20.80 

Drainage  to  Sunol  Gravels 49.08  23.00 

Llvermore  Gravels  Drainage,   in- 
cluding Arroyo  Mocho  and  floor 

of  Valley   258.34  18.55 

Total  Area  620.54  21.84 

Mean  Area  Rainfall  for  Subsidiary 
Catchment  Areas. 

The  mean  area  rainfall  of  the  Alameda  Sys- 
tem of  21.84  inches  was  found  by  comparison 
with  the  means  at  various  stations  to  approxi- 
mate the  mean  of  the  means  of  two  stations,  viz. : 

Inches. 

Calaveras    26.73 

Llvermore  15.95 


42.68 
21.34 


This  mean  of  21.34  inches  so  closely  approxi- 
mated, the  mean  area  rainfall  of  the  Alameda 
System  drainage  area  of  21.84  inches  that  these 
stations  M^ere  used  as  a  base  from  which  to  esti- 
mate from  the  mean  of  their  means  the  probable 
mean  area  rainfall  for  each  year  over  the  entire 
Alameda  System. 

In  like  manner  the  mean  area  rainfall  over 
each  subdivision  of  the  Alameda  System  was 
compared  with  the  mean  of  stations  within  or 
in  the  vicinity  of  its  area. 

In  estimating  the  probable  mean  area  rainfall 
over  the  Calaveras  watershed  of  98.3  sq.  miles, 
for  each  season  of  the  63  year  period,  the  rela- 
tion existing  between  the  mean  area  rainfall  of 
the  Calaveras  watershed  (28.55  inches),  and  the 
mean  of  the  means  of  the  records  at  the  Cala- 
veras Reservoir  26.73,  and  at  Lick  Observatory 
31.88  was  found  to  closely  approximate  the  mean 
area  rainfall  over  the  Calaveras  drainage  area, 
and  the  means  of  these  two  stations  for  each 
year  of  the  63  year  period  was  assumed  to  rep- 
resent for  each  year  the  probable  mean  area 
rainfall  over  the  Calaveras  drainage. 

Similarly  for  the  probable  mean  area  rainfall 
over  the  upper  Alameda  watershed  of  35.32 
sq.  miles,  for  each  season  of  the  63  year  period, 
the  record  of  the  Calaveras  Reservoir  was 
used,  without  modification,  since  it  was  found 
by  comparison  that  the  mean  area  rainfall  of 
the  Alameda  watershed  of  27.75  inches  closely 
approximated  the  mean  of  the  record  at  the 
Calaveras  Reservoir  of  26.73  inches. 

In  like  manner  it  was  found  by  compari- 
son that  the  mean  area  rainfall  of  23.93  inches 
for  the  San  Antonio  watershed  (area  38.70 
sq.  miles),  closely  approximated  the  mean  of 
the  means  of  the  Calaveras  (26.73)  and  the 
Sunol  Station  (21.58).  Therefore  the  mean  of 
each  season's  record  at  these  two  stations  was 
applied,  as  representing  the  probable  mean  area 
rainfall  over  the  San  Antonio  watershed  for 
that  season. 

In  estimating  the  probable  mean  rainfall  over 
the  Sunol  drainage  (49.08  square  miles)  for  each 
season  of  the  63  year  period,  the  mean  between 
the  records  at  Sunol  and  at  the  Spring  Valley 
Pleasanton  Station  was  applied  as  representing 
the  mean  area  rainfall  over  the  Sunol  drainage 
for  that  season.  The  two  stations,  viz.:  Sunol 
and  Pleasanton  (S.  V.  W.  Co.)  combined,  were 
used  as  a  base  for  the  Sunol  drainage  for  the 


TABLE  SHOWING    ESTIMATED    MEAN    AREA    RAINFALL,  IN   INCHES,  FOR  EACH  YEAR  OF   THE 
63-YEAR    PERIOD    FROM    1849-50    TO    1911-12   ON   BACH   OF   THE    SUBDIVISIONS,  AS   WELL   AS 
THE    WHOLE    OF    THE    ALAMEDA    SYSTEM. 

ALAMEDA    SYSTEM,  620.5    SQUARE    MILES. 

Livermore 

Calaveras    Upper  Alameda  San  Antonio  Sunol  Drainage  Arroyo  Valle  Drainage 

^^^s°°-                              (98.3  (35.32  (38.70  (49.08  (140.80  (258.34 

sq.  mi.)  sq.  mi.)  sq.  ml.)  sq.  mi.)  sq.  mi.)  sq.  mi.) 

1849-50  42.54  38.83  35.08  34.05  31.00  27.07 

1850-51  9.53  8.70  7.86  7.63  6.94  6.06 

1851-52  23.73  21.65  19.56  18.99  17.28  15.09 

1852-53  45.32  41.36  37.37  36.28  33.02  28.83 

1853-54  30.68  28.00  25.30  24.56  22.35  19.52 

1854-55 30.53  27.87  25.18  24.45  22.25  19.43 

1855-56  27.83  25.41  22.96  22.29  20.28  17.71 

1856-57  25.58  23.35  21.10  20.49  18.64  16.28 

1857-58  28.04  25.58  23.11  22.44  20.42  17.83 

1858-59  28.57  26.06  23.55  22.87  20.80  18.17 

1859-60  28.62  26.12  23.60  22.92  20.85  18.21 

1860-61  25.35  23.13  20.88  20.25  18.46  16.02 

1861-62  63.32  57.80  52.23  50.71  46.14  40.30 

1862-63  17.66  16.12  14.57  14.14  12.87  11.24 

1863-64  12.96  11.82  10.68  10.38  9.44  8.24 

1864-65  31.79  29.01  26.21  25.45  23.16  20.23 

1865-66  29.47  26.90  24.31  23.60  21.47  18.76 

1866-67  44.88  40.96  37.01  35.93  32.70  28.56 

1867-68  49.91  45.56  41.17  39.98  36.37  31.76 

1868-69  27.43  25.04  22.62  21.96  19.99  17.46 

1869-70  24.82  22.65  20.47  19.87  18.08  15.79 

1870-71  18.13  16.55  14.95  14.52  13.21  11.5-1 

1871-72  39.25  35.50  32.06  31.11  27.28  24.87 

1872-73  20.13  18.37  17.01  17.01  14.53  12.81 

1873-74  31.79  29.01  25.80  24.55  20.63  20.23 

1874-75  17.50  16.28  14.70  14.25  13.97  11.39 

1875-76  40.05  40.50  34.28  30.49  30.24  26.80 

1876-77  11.19  12.15                   9.96  8.44  9.08  7.87 

1877-78  33.69  29.02  27.01  27.18  23.34  20.65 

1878-79  ...26.03  21.43  19.99  20.16  15.77  15.12 

1879-80  28.21  27.69  24.05  22.18  21.83  18.78 

1880-81  25.91  25.03  22.33  21.34  20.74  17.31 

1881-82  25.73  22.32  19.79  18.76  17.01  15.05 

1882-83  29.33  21.40  20.15  20.55  17.63  14.76 

1883-84  47.67  37.26  34.47  34.37  30.00  25.74 

1884-85  ...32.15  19.63  19.29  20.59  15.83  13.68 

1885-86  31.54  31.66  27.99  26.42  23.91  21.94 

1886-87  •  • .   21.51  18.94  17.34  17.11  15.05  13.21 

1887-88  25.65  21.28  19.46  19.18  17.20  14.84 

1888-89  20.86  19.87  19.04  19.79  17.84  15.17 

1889-90  45.35  45.54  42.26  41.95  37.10  34.60 

1890-91  22.14  20.23  17.14  17.24  17.19  14.95 

1891-92  26.36  25.24  20.89  19.73  19.74  17.16 

1892-93  38.56  39.20  33.19  31.08  32.74  27.74 

1893-94  33.32  30.81  26.26  23.75  23.98  17  84 

1894-95  37.62  38.63  32.82  30.65  31.50  26.37 

1895-96  27.79  25.82  21.70  20.86  21.08  18.02 

1896-97  31.71  31.20  26.71  24.90  24.24  21.23 

1897-98  ••■    15.51  13.37  11.94  12.24  11.24  9.52 

1898-99  23.35  20.98  20.69  19.65  15.62  13.60 

1899-00  27.57  25.84  24.05  22.39  19.28  18.71 

1900-01  31.15  30.66  28.11  28.62  25.19  21.37 

1901-02  25.44  23.27  21.36  20.30  20.03  15  77 

1902-03  27.62  24.95  21.98  20.66  19.60  17  10 

1903-04  30.63  27.49  24.82  24.54  20.41  17  26 

1904-05  28.63  28.72  26.00  23.55  22.26  2178 

1905-06 33.23  28.04  26.62  27.18  23.68  2138 

1906-07 38.16  32.98  31.38  30.90  28.06  24  48 

1907-08  20.63  17.34  17.02  16.27  13.63  12  51 

1908-09  34.22  31.02  28.10  28.16  24.80  2l'26 

1909-10  25.21  24.41  21.47  20.36  19.45  I7'i2 

1910-11  30.70  28.12  28.27  30.41  24.70  19'74 

1911-12  16.51  14.79  15.30  16.19  12.14  10^75 


Mean     29.31  26.73  24.17  23.47  21.35  i860 

Calculated  from  Isohyetal  Map 28.55  27.75  23.93  23.00  20.80  18  55 

Mean  for  last  23   years 29.19  28.64  24.70  23.98  22.07  ig'.is 
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reason  that  the  mean  of  their  rainfall  for  the 
63  year  period,  21.58  inches  and  25.29  inches 
respectively,  or  23.43  inches,  corresponds  closely 
with  the  mean  area  rainfall  over  the  Snnol 
drainage,  of  23.00  inches. 

The  mean  of  the  means  for  the  63  j^ear  period 
(Calaveras  Station,  26.73  inches,  and  New- 
man, 10.56  inches),  of  18.64  inches,  so  closely 
corresponds  with  the  mean  area  rainfall  over 
the  Livermore  Valley  drainage  (258.34  square 
miles)  of  18.55  inches,  that  the  mean  rain- 
fall for  these  two  stations,  for  each  season  of 
the  63  year  period  was  taken  to  represent  the 
probable  mean  area  rainfall  for  the  Livermore 
catchment  area  for  that  season. 

An  estimate  was  also  made  of  the  probable 
seasonal  rainfall  for  each  season  of  the  63  year 
period  over  the  Arroyo  Valle  watershed  of 
140.80  sq.  miles.     The  relation  existing  between 


the  mean  area  rainfall  for  the  63  year  period 
over  the  Arroyo  Valle  watershed  of  20.80  inches 
as  compared  with  the  mean  of  the  means  for 
the  same  period  at  Calaveras  (26.73)  and  Liver- 
more (15.95)  or  21.34,  is  such  that  the  mean  of 
these  two  stations  for  each  year  was  applied  as 
the  probable  mean  area  rainfall  over  the  Arroyo 
Valle  watershed  for  the  corresponding  season. 

Using  the  various  means  above  indicated, 
each  for  its  respective  subsidiary  catchment 
area,  in  the  manner  above  described,  the  area 
rainfall  for  each  of  the  63  seasons,  beginning 
with  the  season  1849-50  and  ending  with  the 
season  1911-12,  has  been  estimated  for  each  sub- 
sidiary catchment  area.  The  results  of  these  es- 
timates, given  in  the  foregoing  table,  have  been 
used  in  conjunction  with  available  run-off  data 
to  determine  the  distribution  of  the  water  crop 
of  the  Alameda  System : 


Appendix  B. 

THE  WATER  PRODUCT  OF  THE  ALAMEDA  SYSTEM 

REPORT    ON   THE    RUN-OFF   FROM   THE  ALAMEDA  WATERSHED 


BT 

J.  J.  Sharon, 
Assistant  Engineer  Spring  Valley  Water  Company. 


Run-off  is  the  measure  oi:  the  available,  de- 
pendable quantity  of  water,  year  after  year, 
which  may  be  utilized.  Its  origin  is  rainfall, 
which  escapes  from  the  ground  upon  which  it 
falls,  in  four  ways,  viz. :  through  evaporation, 
surface  run-off,  seepage  run-off  and  percola- 
tion. 

The  portion  of  rainfall  which  escapes  by 
evaporation  is  that  quantity  which  passes  into 
the  atmosphere  in  the  form  of  vapor  from 
water  and  soil  surfaces,  and  from  objects  rest- 
iu'g  upon  such  surfaces,  including  vegetation. 
The  loss  due  to  evaporation  from  water  sur- 
faces cannot  be  prevented,  nor  is  it  recoverable. 

Rainfall  which  escapes  by  surface  run-off  is 
the  amount  which,  from  the  time  of  falling  until 
its  exit  from  the  drainage  area  on  which  it  falls, 
passes  over  the  surface  without  entering  into 
the  ground. 

Rainfall  which  escapes  through  seepage  run- 
off, is  that  which  sinks  into  the  soil,  but  which 
later  reappears  on  the  surface  at  lower  altitudes 
and  becomes  a  part  of  the  surface  run-off.  Its 
extent  is  not  directly  measurable,  and,  in  this 
discussion,  it  is  included  in  the  surface  run-off. 

Run-off  which  escapes  through  percolation 
passes  below  the  soil  surface,  by  seepage  into 
the  soil  pores,  and  becomes  thereby  a  part  of 
the  underground  waters. 

Of  these  three  natural  subdivisions  of  rain- 
fall— evaporation,  surface  run-off  and  percola- 
tion— only  the  surface  run-off  is  easily  meas- 
urable.    Surface  run-off,  appearing  in  natural 


water  courses  which  drain  the  area  or  source 
of  the  run-off,  is  generally  styled  the  stream 
discharge  or  stream  flow  of  that  water  course 
or  of  the  area  which  is  drained  by  that  water 
course.  The  amount  of  the  stream  flow  is  meas- 
ured by  gagings,  and  wherever  available,  reli- 
able stream  gagings,  covering  a  period  of  years, 
are  the  best  index  of  the  quantity  of  water  that 
may  be  relied  upon  from  the  catchment  area 
above  the  place  of  measurement. 

Available  Stream  Gagings. 

The  Alameda  System  of  the  Spring  Valley 
Water  Company  represents  the  summation  of 
increments  that  have  been  added  from  time  to 
time  since  1875.  Its  acquirement  has  been  the 
product  of  careful  thought  and  investigation, 
commencing  with  the  Calaveras  Reservoir,  and 
followed  by  such  steps  and  acquisitions  as 
diversion  from  Alameda  Creek  above  Niles, 
the  utilization  of  the  iSunol  Filter  Beds,  the  San 
Antonio  Reservoir,  the  Arroyo  Valle  Reser- 
voir, underground  development  at  Pleasanton 
and  at  Sunol.  These  have  followed  in  natural 
sequence,  by  reason  of  the  far-sighted  policy 
of  the  Spring  Valley  Water  Company,  the  car- 
dinal factor  of  which  is  to  secure  opportunities 
for  extensive  development  in  advance  of  actual 
needs — that  the  people  of  San  Francisco  will 
always  have  at  hand  an  abundant  supply  of 
pure,  wholesome  water. 

Under  these  circumstances,  it  is  not  to  be  ex- 
pected that  there  should  be  complete  and  ex- 
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act  run-off  data,  covering  all  the  component 
parts  for  a  long  period  of  time.  Available 
data,  from  which  run-off  in  the  Alameda  Sys- 
tem may  be  computed,  are  as  follows: 

Flow  Measured  at  Niles,  Sunol, 
Calaveras  and  Arroyo   Valle. 

Daily  gage  heights  kept  at  the  Niles  Dam 
from  1888  to  1900. 

At  the  Sunol  Dam,  which  succeeded  the 
Niles  Dam  as  the  point  of  diversion  of  the  Ala- 
meda waters  in  1900,  dailj^  gage  heights,  dur- 
ing low  water,  and  more  often  during  floods 
have  been  taken  to  date. 

These  two  dams  were  built  primarily  for  di- 
version purposes  and  not  for  stream  gaging. 

At  Calaveras  particular  attention  was  paid 
to  stream  gagings.  Available  measurements 
were  taken  from  1898  to  1904  by  Mr.  George 
Hadsell,  and  from  1904  to  1908  under  the  di- 
rection of  Mr.  Cyril  Williams,  Jr.,  and  during 
1910-11  and  1912  by  Mr.  P.  F.  Jones. 

At  the  Arroyo  Valle  damsite,  a  gaging  sta- 
tion was  established  in  1904,  and  measurements 
were  made  for  the  seasons  of  1904-5  to  1907-8. 
,  All  of  these  records  are  not  now  among  the  rec- 
ords of  the  Spring  Valley  Water  Company. 
Some  months  ago  I  was  advised  by  Mr.  Cyril 
Williams,  Jr.,  formerly  in  the  employ  of  the 
Spring  Valley  Water  Company,  that  it  is  his  be- 
lief that  some  of  them  were  destroyed  in  the  fire 
of  1906.  Fortunately,  however,  I  have  been  able 
to  secure  duplicates  of  most  of  the  gaging  rec- 
ords from  Mr.  Gainor,  who  made  the  measure- 
ments and  preserved  a  copy  of  a  portion  of  the 
records. 

Gagings  taken  at  a  point  in  the  Upper  Ala- 
meda just  above  its  junction  with  the  Cala- 
veras are  available  for  a  portion  of  the  season 
1910-11  and  all  of  the  season  1911-12. 

At  the  San  Antonio  damsite  gagings  cover- 
ing the  flood  months  of  the  season  1911-12  are 
available. 

Measurement  of  Alameda  Creek 

Begun  at  Niles  23   Years  Ago. 

The  first  place  where  gagings  were  taken  in 
Alameda  Creek  was  at  the  Niles  Dam,  which 
wa.s  constructed  in  1888  at  a  point  about  214 
miles  above  the  town  of  Niles.  It  is  a  low 
masonry  diversion  weir,  with  a  system  of  heavy 


wooden  bulkheads,  or  flash-boards,  surmounting 
the  crest.  The  position  of  Niles  Dam  and 
its  relation  to  the  Alameda  System  are  shown 
on  Plate  B-8.  The  plan  and  cross-section  are 
shown  on  Plate  B-9. 

The  catchment  area  of  Alameda  Creek,  above 
Niles  Dam,  is  631.5  square  miles. 

The  purpose  of  this  weir  was  to  divert  water 
from  Alameda  Creek;  diversion  at  this  point 
and  the  water  right  incident  thereto  date  back 
as  early  as  about  1840. 

Original  Computations  too 
Conservative. 

Judging  by  the  enormous  floods,  issuing  from 
Alameda  Creek  as  it  debouched  from  the 
mountains,  it  was  generally  known  that  great 
torrents  passed  through  Niles  Canyon,  and  the 
Niles  Dam  was  therefore  designed  as  a  mas- 
sive low  structure.  For  the  purpose  of  obtain- 
ing the  regimen  of  the  Alameda  Creek,  a  gage 
rod  was  installed,  and  daily  readings  taken 
from  December,  1889,  to  October,  1900.  Ap- 
proximate computations  of  quantities  of  dis- 
charge over  Niles  Dam  have  been  made  from  the 
gage  readings,  heretofore  mentioned,  by 
using  a  weir  formula  of  the  type  Q=Cbh  V^, 
with  all  dimensions  in  inches,  and  C=4,200, 
the  discharge  being  in  gallons  per  day.  On 
Plate  B-9  is  shown  the  discharge  curve  of  the 
Niles  Dam,  based  on  the  above  formula.  In 
this  formula  no  provision  is  made  for  the  veloc- 
ity of  approach,  nor  for  submergence  below  the 
dam.  It  has  always  been  recognized  that  both 
these  factors  enter  largely  into  the  determina- 
tion of  flow  over  this  weir,  though  it  was  be- 
lieved that,  taken  over  the  wide  limits  of  varia- 
tion of  depths  as  indicated  by  the  rod  readings, 
omission  of  the  effect  of  these  two  factors  would 
■give  conservative  results.  That  the  velocity  of 
approach  is  a  factor  that  very  igreatly  increases 
the  flow  over  the  dams  in  Niles  Canyon  may  be 
judged  from  the  fact  that,  during  the  flood  of 
March,  1911,  it  amounted  to  fully  13  feet  per 
second,  the  current  being  so  swift  that  reliable 
current  meter  measurments  were  impossible. 
For  the  purpose  of  this  report  more  accurate 
knowledge  of  the  stream  flow  at  Niles  Dam 
was  required.  Careful  analysis  indicated  that, 
by  reason  of  the  irregularity  of  the  weir  crest 
and  cross-section,  and  the  complexity  of  the 
problem,  a    discharge    curve,    based  on  purely 
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theoretical  deductions,  would  give  uncertain  re- 
sults.   This  was  equally  true  of  the  Sunol  Dam. 

Flow  of  Alameda  Creek  Recomputed 
From  Experiments  of  Models 
by  Prof.  Le  Conte. 

It  was  therefore  decided  to  investigate  the 
problem  by  means  of  a  model  weir.  The  models 
were  exact  duplicates  of  the  Niles  and  Sunol 
Dams,  on  a  small  scale,  and  the  same  stream 
cross-sections  for  200  feet  above  the  dams  was 
duplicated  in  miniature.  Extended  experiments 
were  made  with  these  models  by  Professor  J. 
N.  Le  Conte,  the  eminent  specialist  in  hydrau- 
lics on  the  Pacific  Coast.  The  experiments  were 
made  with  various  depths  of  water  passing  over 
the  models  with  corresponding  velocities  of  ap- 
proach and  different  degrees  of  submergence. 

The  height  of  water  over  the  crest  of  Niles 
Dam  and  its  degree  of  submergence  during  the 
high  water  of  the  flood  of  March,  1911,  were 
computed  from  the  data  kindly  furnished  by 
Messrs.  Grunsky,  Hyde  and  Marx,  who  were 
investigating  the  measurements  over  the  Niles 
and  Sunol  Dams  at  the  request  of  J.  R.  Free- 
man. The  data  were  obtained  by  them  from 
surveys  made  of  high  water  marks  left  by  the 
flood  of  March,  1911.  Professor  Le  Conte 's  re- 
port is  given  in  full  in  Appendix  "C",  which 
also  :gives  the  computations  of  discharge  for  the 
flood  of  March,  1911,  by  channel  measurements, 
showing  a  substantial  check  on  Prof.  LeConte's 
results  for  that  gage  height. 

The  conditions  at  Niles  Dam  at  the  present 
time  are  considerably  different  from  what  they 
were  at  the  time  the  gagings  were  taken.  Just 
below  the  dam,  and  extending  into  the  stream 
channel  on  its  left-hand  side,  is  a  tunnel  dump, 
which  was  made  a  few  years  ago.  The  shape 
of  the  crest  of  the  dam  has  changed  from 
what  it  was  at  the  time  the  measurements 
were  made.  In  Professor  Le  Conte 's  experi- 
ments, the  models  conformed  with  the  original 
shape  of  the  crest  and  the  stream  channel  at 
that  time.  Contrary  to  expectations,  the  de- 
gree of  submergence  of  the  Sunol  Dam,  as 
computed  from  observations  made  by  the 
Spring  Valley  Water  Company  at  the  time  of 
the  flood  of  March,  1911.  is  greater  than  that 
of  Niles  Dam,  as  computed  from  data  gathered 
by  Messrs.  Grunsky,  Hyde  and  Marx  one  year 
subsequent  to  the  same  flood.     The  discharge 


curves  of  the  Niles  and  Sunol  Dams,  developed 
by  Prof.  LeConte  have  been  used  in  this  re- 
port to  determine  the  stream  flow  over  Niles 
and  Sunol  Dams  from  gage  heights  in  the  rec- 
ords of  the  Spring  Valley  Water  Company. 
The  Niles  discharge  curve  conforms  with  the 
only  actual  discharge  measurements  made  by 
the  United  States  Geological  Survey,  and  pub- 
lished in  Water  Supply  Paper  No.  81,  pages 
34  to  39. 

Rod  Readings  Prove  to  be  an  Accurate 
Index  of  Total  Flow. 

It  is  recognized  that  rod  readings,  taken 
once  a  day,  do  not  show  all  the  variations  in 
stream  flow  over  a  weir,  by  reason  of  the 
fact  that  the  stream  may  fluctuate  considerably 
between  times  of  observations.  This  is  well  il- 
lustrated by  the  following  facts  regarding  the 
flood  over  Niles  Dam  in  the  early  nineties. 

At  the  regular  time  of  day  for  taking  gage 
rod  readings,  Mr.  Severance,  the  watchman,  ob- 
served the  height  of  the  water,  and  also  noted 
that  a  large  log  had  been  lodged  on  top  of  the 
forebay  during  the  previous  night.  Prom  this 
evidence  the  water  had  necessarily  been  several 
feet  higher  during  the  night,  but  no  account 
was  made  of  this  in  computing  the  stream  flow. 
These  fluctuations  of  short  duration  are  of 
small  consequence  when  compared  with  the 
variations  over  long  periods  of  time,  and  it  is 
believed  that  errors  due  to  them  compensate 
throughout  a  record  as  long  as  the  one  in  hand. 

This  is  well  illustrated  by  a  comparison  of 
the  results  of  computation  of  discharge  over 
Sunol  Dam,  as  given  in  this  report,  taking 
into  account  all  variations  of  gage  height  dur- 
ing day  and  night,  and  a  computation  over  the 
same  period  for  the  same  discharge  based  on 
one  reading  a  day.  For  this  purpose  I  have 
used  the  gage  reading  taken  at  8  o'clock  each 
morning,  just  as  the  records  at  the  Niles  Dam 
were  taken,  assuming  that  this  reading  prevailed 
throughout  the  24  hours. 

The  results  given  below  show  that  sometimes 
one  method  gives  a  little  higher  result  than 
the  other,  and  sometimes  the  contrary  is  true, 
the  largest  variation  in  any  one  season  being 
less  than  7%.  Taken  over  the  whole  12  years, 
the  result  from  observations  taken  once  a  day 
is  almost  identical  with  that  obtained  by  taking 
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into  account  all  the  fluctuations  of  the  stream 
height,  the  latter  being  99.8%  of  the  former. 
These  results  show  that  the  true  discharge  over 
Niles  Dam  is  almost  identical  with  that  ob- 
tained by  computing  the  flow  shown  by  the 
daily  gage  rod  readings,  as  given  in  this  report. 

MULLION  GALLONS. 

Computed  by  Computed  by 

considering  talcing  only 

Season                                               all  minor  one  gage 

fluctuations  reading 
per  day 

1900-01 36,848.84  38,217.34 

1901-02 27,187.90  27,187.90 

1902-03 33,269.30  31,158.70 

1903-04 '.    31,000.40  31,000.40 

1904-05 15,044.73  15,044.73 

1905-06 63,640.24  65,359.37 

1906-07 99,228.47  97,004.77 

1907-08 14,626.38  14,512.18 

1908-09 74,923.85  77,493.28 

1909-10 25,931.58  25,365.58 

1910-11 87,332.58  87,346.48 

1911-12 4,856.04  4,856.04 

Total 513,890.31  514,546.77 

In  order  to  obtain  the  run-off  available  at 
Niles  Dam,  or  the  water  crop  from  the  catch- 
ment area  above  Niles  Dam,  there  must  be 
added  to  the  discharge  over  that  dam  the 
amount  of  water  diverted  at  that  structure. 
Most  of  this  water  went  to  the  Belmont 
Pumps,  no  account  being  made  of  water  used 
between  the  pumping  station  and  the  dam, 
amounting  to  about  one  and  one-half  million 
gallons  per  day  at  the  present  time. 

On  pages  305  to  308  is  given  a  toble  which 
contains  the  quantity  of  water  that  passed  over 
Niles  Dam  for  the  period  1889-90  to  1899-1900, 
as  determined  by  Professor  Le  Conte's  dis- 
charge curve,  together  with  the  amount  that 
was  delivered  at  the  Belmont  Pumps  during 
the  same  period.  This  is  also  shown  graphi- 
cally in  Plate  BIO.  For  the  purpose  of  this" 
report  and  that  the  estimates  of  water  yield 
may  be  conservative,  the  amount  used  between 
Niles  and  Belmont  has  been  neglected. 

On  Plate  B-9  is  shown  Prof.  Le  Conte's  dis- 
charge curve  for  Niles  Dam,  together  with  the 
discharge  curve  heretofore  used  and  based  on 
the  formula  Q=4,200  W"\  Q  being  in  gallons 
per  day,  and  b  and  h  in  inches. 

Flow  of  Alameda  Creek  Measured 
at  Sunol  Dam  Since  1900. 

The  Sunol  Dam  was  built  in  1889,  and  was 
changed  to  its  present  form  in  1900.  It  is  a 
concrete    structure    considerably  higher    and 


with  more  regular  lines  than  the  Niles  Dam, 
and  serves  the  double  purpose  of  retaining 
the  waters  in  the  Sunol  gravel  reservoir  and 
of  providing  a  means  of  conducting  the  filtered 
water  from  the  Sunol  gravel  reservoirs  across 
Alameda  Creek.  This  filtered  water  is  deliv- 
ered directly  into  the  Niles  Aqueduct  and  the 
Alameda  pipe  line.  Beginning  with  the  year 
1900,  the  Sunol  Dam  superseded  the  Niles  Dam 
as  the  point  of  diversion  for  the  water  of  the 
Alameda  System  destined  for  San  Francisco; 
consequently,  the  Alameda  run-off  was  measured 
at  the  Sunol  Dam  subsequent  to  this  date. 

The  location  of  the  Sunol  Dam  and  its  re- 
lation to  the  Alameda  System  are  shown  on 
Plate  B  8.  Plate  B 11  shows  the  plan  and 
cross-section  of  this  dam  since  gagings  have  been 
taken  at  that  point. 

During  periods  of  very  low  water  flow,  the 
water  surface  upstream  from  the  dam  is  raised 
slightly  by  a  temporary  bulkhead.  During 
such  times  the  water  which  is  in  excess  of 
that  withdrawn  from  the  gravel  reservoir  is 
measured  in  the  fish-ladder.  As  a  matter 
of  fact,  the  temporary  bulkhead,  as  are  all 
structures  of  this  character,  is  never  com- 
pletely water-tight,  leakage  through  the  same 
often  being  equal  to  that  measured  in  the  fish- 
ladder.  No  account  is  kept  of  this  leakage, 
so  that  the  amount  of  water  which  actually 
passes  over  Sunol  Dam  in  low  water  periods 
is  greater  than  the  records  indicate. 

The  catchment  area  above  Sunol  Dam  is 
620.5  square  miles,  or  about  11  square  miles 
less  than  that  above  the  Niles  Dam. 

Gage  rod  readings  have  been  taken  at  the 
Sunol  Dam  from  1900  to  date,  recording  all 
the  fluctuations  of  Alameda  Creek.  During 
times  of  flood  the  gage  rod  has  been  constantly 
watched,  rod  readings  being  taken  often  enough 
to  determine  all  changes  in  the  stages  of  the 
creek,  the  time  interval  being  as  low  as  thirty 
minutes. 

In  the  case  of  the  Sunol  Dam,  approximate 
computations  of  discharge  have  heretofore  been 
made  by  the  same  type  of  formula  as  was  used 
for  the  Niles  Dam,  the  value  of  "C"  at  Sunol 
being  4,400.  Similarly,  in  computing  the  dis- 
charge over  the  Sunol  Dam,  no  provision  has 
heretofore  been  made  for  velocity  of  approach 
nor  for  submergence.  Plate  B 11  shows  the 
discharge  curve  over  the  Sunol  Dam  computed 
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from  the  formula  Q=4,400  bh^/^  and  on  the 
same  Plate  is  shown  the  discharge  curve  for 
the  Sunol  Dam  as  developed  by  Prof.  LeConte  's 
experiments,  account  being  taken  of  the  influ- 
ence of  both  the  velocity  of  approach  and  sub- 
mergence. 

Large  Amount  of   Water   Taken 
From  Sunol  Gravels. 

A  large  amount  of  water  is  extracted  from 
the  Sunol  underground  reservoir  above  Sunol 
Dam,  whence  it  is  carried  through  the  Niles 
Canyon  Aqueduct  on  its  way  to  San  Francisco. 
Subsequent  to  1900,  excepi  in  cases  of  emergency 
and  repair,  these  waters  passed  from  a  large 
tank  at  Brightside  provided  with  effective 
baffles  over  a  battery  of  four  30"  sharp-edged 
weirs,  where  continuous  automatic  records  of 
depth  over  the  weir  have  been  kept.  Excluding 
the  quantity  used  between  Niles  and  Belmont, 
and  estimated  at  present  to  be  about  one  and 
one-half  million  gallons  per  day,  all  this  water 
passes  through  the  Belmont  Pumps,  where  quan- 
titative records  are  also  kept.  Prior  to  1903  the 
record  of  pumpage  at  Belmont  is  the  only  meas- 
ure of  the  amount  of  water  withdrawn  from  the 
Sunol  gravel  reservoir.  This,  of  course,  does  not 
include  the  water  used  between  Niles  and  Bel- 
mont, above  mentioned.  By  combining  these  two 
records  and  neglecting  the  amount  of  water  di- 
verted between  Alameda  Creek  and  Belmont,  the 
total  flow  from  Alameda  Creek  is  determined. 
The  total  run-off  at  Sunol  Dam  is  the  sum  of 
the  measured  run-off  over  the  Sunol  Dam  and 
the  amount  of  water  flowing  through  the  Niles 
Aqueduct. 

Flow  of  Alameda  Creek  for 
Last  23  Years. 

Following  is  a  table  of  discharges  over  the 
Niles  Dam  from  1889-90  to  1899-1900  and  over 
Sunol  Dam  from  the  year  1900  to  July  1st, 
1912,  together  with  the  withdrawal  through 
the  Niles  Aqueduct,  as  measured  at  Belmont 
Pumps,  during  the  period  1889-90  to  April, 
1903,  and  as  measured  at  the  Brightside  Weir 
from  April,  1903,  to  July  1st,  1912.  By  com- 
bining these  quantities  the  run-off  of  Alameda 
Creek  is  obtained.  This  is  shown  graphically 
in  Plate  B  10. 


Belmont. 

Total. 

0 

0 

0 

0 

144.65 

824.65 

243.64 

530.64 

243.45 

618.20 

233.29 

638.54 

161.94 

422.94 

86.48 

397.48 

240.13 

454.63 

No  pump 

318.75 

179.70 

179.70 

231.11 

263.80 

231.31 

249.97 

316.58 

542.87 

325.26 

394.21 

535.01 

559.07 

52L39 

544.73 

508.96 

510.77 

461.73 

675.47 

536.64 

1,170.04 

520.72 

529.62 

484.03 

575.58 

446.61 

539.41 

499.57 

617.37 

RE-COMPUTED  FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE  RUN- 
OFF   OF  THE    ALAMEDA    SYSTEM. 

JtTLT. 

Season.  Alameda. 

1888-89 0 

1889-90 0 

1890-91 680.00 

1891-92 287.00 

1892-93 374.75 

1893-94 405.25 

1894-95 261.00 

1895-96 311.00 

1896-97 214.50 

1897-98 318.75 

1898-99 0 

1899-00 32.69 

1900-01 18.66 

1901-02 226.29 

1902-03 68.95 

1903-04 24.06 

,1904-05 23.34 

1905-06 1.81 

1906-07 213.74 

1907-08 633.40 

1908-09 8.90 

1909-10 91.55 

1910-11 92.80 

1911-12 117.80 

RE-COMPUTED  FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OF  THE    ALAMEDA    SYSTEM. 

AUGUST. 

Season.  Alameda.     Belmont.     Total. 

1888-89 0         0         0 

1839-90 0         0         0 

1890-91 487.50      252.53      740.03 

1891-92 28.00      227.27      255.27 

1892-93 0        181.81      181.81 

1893-94 273.25      239.87      513.12 

1894-95 78.75      158.53      237.28 

1895-96 84.00      240.22      324.22 

1896-97 78.75      241.45      320.20 

1897-98 129.50      156.35      285.85 

1898-99 3.00      143.63      146.63 

1890-00 .69      231.07      231.76 

1900-01 1.18      231.86      233.04 

1901-02 78.22      316.24      394.46 

1902-03 31.52      314.69      346.21 

1903-04 0        443.66      443.66 

1904-05 3.60      469.69      473.29 

1905-06 .64      451.26      451.90 

1906-07 29.14      494.09      523.23 

1907-08 242.20      547.02      789.22 

1908-09 4.95      402.18      407.13 

1909-10 .24      505.93      506.17 

1910-11 24.55      494.31      518.86 

1911-12 93.30      527.25      620.55 
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RE-COMPUTED    PLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OF    THE    ALAMEDA    SYSTEM. 


Season. 

1888-89 

1889-90 

SEPTEMBER. 

Alameda. 

0 
0 

Belmont. 

91.30 

0 
236.36 
200.78 
126.55 
168.87 
146.15 
229.62 
233.17 
155.92 
146.58 
■  216.81 
196.37 
288.36 
271.43 
356.65 
355.63 
319.83 
489.09 
512.90 
345.30 
480.00 
401.22 
456.62 

Total. 

91.30 
0 

1890-91 

429.00 

665.36 

1891-92 

0 

200.78 

1892-93 

0 

126.55 

1893-94 

215.00 

383.87 

1894-95 

25.00 

171.15 

1895-96 

91.00 

320.62 

1896-97 

82.25 

315.42 

1897-98 

69.92 

225.84 

1898-99 

0 

146.58 

1899-00 

0 

216.81 

1900-01 

26.00 

222.37 

1901-02     .    . 

0 

288.36 

1902-03 

0 

271.43 

1903-04 

0 

356.65 

1904-05 

0.48 

356.11 

1905-06 

0 

319.83 

1906-07 

12.36 

501.45 

1907-08 

34.79 

547.69 

1908-09 

92.50 

437.80 

1909-10 

3.25 

483.25 

1910-11 

9.50 

410.72 

1911-12 

50.70 

507.32 

RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL  DAM,   REPRESENTING  THE  RUN- 
OFF  OF   THE   ALAMEDA    SYSTEM. 


NOVEMBER. 


Season.        Alameda. 

1888-89 0 

1889-90 0 

1890-91 459.75 

1891-92 0 

1892-93 14,372.80 

1893-94 208.00 

1894-95 153.26 

1895-96 245.00 

1896-97 1,479.48 

1897-98 52.50 

1898-99 18.20 

1899-00 544.46 

1900-01 7,520.09 

1901-02 8.12 

1902-03 104.33 

1903-04 513.92 

1904-05 0.34 

1905-06 0.13 

1906-07 .45 

1907-08 182.40 

1908-09 6.07 

1909-10 25.97 

1910-11 4.36 

1911-12 63.24 


Belmont. 

118.46 

0 
235.30 
198.17 
125.91 
145.90 
47.33 
232.88 
184.49 
156.30 
213.18 
112.87 
175.25 
289.32 
302.30 
382.78 
377.20 
268.50 
423.79 
495.12 
286.64 
450.46 
290.32 
491.80 


Total. 

118.46 

0 
695.05 
198.17 
14,498.71 
353.90 
200.58 
477.88 

1,663.97 
208.80 
231.38 
657.33 

7,695.34 
297.44 
406.63 
896.70 
377.54 
268.63 
424.24 
677.52 
292.71 
476.43 
294.68 
555.04 


RE-COMPUTED    PLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OP    THE   ALAMEDA    SYSTEM. 


Season. 

1888-89. 
1889-90. 
1890-91. 
1891-92. 
1892-93. 
1893-94. 
1894-95. 
1895-96. 
1896-97. 
1897-98. 
1898-99. 
1899-00. 
1900-01. 
1901-02 . 
1902-03. 
1903-04. 
1904-05. 
1905-06. 
1906-07. 
1907-08. 
1908-09. 
1909-10. 
1910-11. 
1911-12. 


OCTOBER. 

Alameda. 

Belmont. 

Total. 

0 

61.39 

61.39 

0 

0 

0 

454.75 

242.03 

696.78 

0 

205.20 

205.20 

0 

126.09 

126.09 

112.00 

150.96 

262.96 

187.75 

162.01 

349.70 

201.50 

237.91 

439.41 

102.29 

241.39 

343.68 

101.12 

153.75 

254.87 

20.72 

206.22 

226.94 

45.00 

197.29 

242.29 

188.11 

235.86 

423.97 

0 

288.54 

288.54 

0 

299.40 

299.40 

0 

332.81 

332.81 

0.14 

364.17 

364.31 

0.03 

283.31 

283.34 

.45 

459.80 

460.25 

36.52 

510.82 

547.34 

3.10 

306.12 

309.22 

36.59 

499.26 

535.85 

3.89 

222.82 

226.71 

40.93 

516.46 

567.39 

RE-COMPUTED    PLOW    OVER    THE    NILES    AND 
SUNOL   DAM,  REPRESENTING  THE  RUN- 
OFF   OF    THE    ALAMEDA    SYSTEM. 


DECEMBER. 


Season.  Alameda. 

1888-89 0 

1889-90 36,310.80 

1890-91 1,043.25 

1891-92 3,151.25 

1892-93 39,625.34 

1893-94 508.75 

1894-95 17,529.15 

1895-96 305.00 

1896-97 2,438.82 

1897-98 108.25 

1898-99 5.63 

1899-00 2,161.75 

1900-01 989.10 

1901-02 397.82 

1902-03 13.53 

1903-04 5.16 

1904-05 193.48 

1905-06 1.59 

1906-07 5,882.03 

1907-08 895.60 

1908-09 22.10 

1909-10 2,832.52 

1910-11 16.77 

1911-12 85.80 


Belmont. 

166.76 
Nop. 
204.18 
190.51 

50.84 
132.06 
No.  P. 
240.69 
173.00 

43.26 
221.27 
134.57 
313.54 
319.32 
366.65 
504.18 
408.12 
284.93 
421.87 
476.65 
314.43 
476.04 
426.50 
526.21 


Total 

166.76 

36,310.80 

1,247.43 

3,341.76 

39,676.18 

640.81 

17,529.15 

545.69 

2,611.82 

151.51 

226.90 

2,296.32 

1,302.64 

717.14 

380.18 

509.34 

601.60 

286.52 

6,303.90 

1,372.25 

336.53 

3,308.56 

443.27 

612.01 
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RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE  RUN- 
OFF   OF   THE   ALAMEDA    SYSTEM. 

JANUARY. 

Season.                   Alameda.  Belmont.  Total. 

1888-89  0  0  0 

1S89-90..........  68,825.19  40.50  68,865.69 

1890-91 1,141.50  199.02  1,340.52 

1891-92 1,594.50  157.53  1,752.03 

1892-93 13,519.75  137.23  13,656.98 

1893-94 16,162.65  58.31  16,220.96 

1894-95 46,689.80  No  P.  46,689.80 

1895-96 19,286.06  121.28  19,407.34 

1896-97 2,639.75  No  P.  2,639.75 

1897-98 264.23  No  P.  264.23 

1898-99 480.09  163.14  643.23 

1899-00 9,889.15  110.04  9,999.19 

1900-01 3,538.40  308.83  3,847.23 

1901-02 194.00  320.55  514.55 

1902-03 4,028.00  392.43  4,420.43 

1903-04 122.16  504.61  626.77 

1904-05 1,059.90  481.79  1,541.69 

1905-06 16,610.49  360.88  16,971.37 

1906-07 21,675.40  470.92  22,146.32 

1907-08 4,390.40  .456.52  4,846.92 

1908-09 31,355.10  332.95  31,«88.05 

1909-10 10,870.70  595.25  11,465.95 

1910-11 28,310.71  485.95  28,796.66 

1911-12 696.50  513.62  1,210.12 


RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OF    THE    ALAMEDA    SYSTEM. 


MABOH. 


Season.  Alameda. 

1888-89 0 

1889-90 18,987.00 

1890-91 14,363.67 

1891-92 5,463.50 

1892-93 18,104.50 

1893-94 4,282.00 

1894-95 3,483.50 

1895-96 2,377.00 

1896-97 27,288.00 

1897-98 658.83 

1898-99 18,811.68 

1899-00 2,264.00 

1900-01 3,102.70 

1901-02 13,101.40 

1902-03 12,215.80 

1903-04 15,373.80 

1904-05 6,472.60 

1905-06 26,580.72 

1906-07 53,421.10 

1907-08 3,100.10 

1908-09 6,452.10 

1909-10 5,116.70 

1910-11 41,516.50 

1911-12 2,404.18 


Belmont. 

0 

0 

98.89 

227.68 

0 
18.59 

0 

0 

0 
183.83 
114.03 
148.56 
310.72 
318.57 
507.63 
504.21 
491.14 
499.61 
367.30 
518.88 
395.73 
555.20 
434.37 
524.33 


Total. 

0 

18,987.00 

14,462.56 

5,691.18 

18,104.50 

4,300.59 

3,483.50 

2,377.00 

27,288.00 

842.66 

18,925.71 

2,412.56 

3,413.42 

13,419.97 

12,723.43 

15,878.01 

6,963.74 

27,080.33 

53,788.40 

3,618.98 

6,847.83 

5,671.90 

41,950.87 

2,928.51 


RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OF    THE    ALAMEDA    SYSTEM. 


FEBEUAKr. 


Season.  Alameda. 

1888-89 0 

1889-90 32,833.35 

1890-91 12,751.48 

1891-92 1,567.00 

1892-93 22,016.80 

1893-94 33,310.04 

1894-95 12,714.40 

1895-96 2,195.00 

1896-97 25,507.63 

1897-98 827.09 

1898-99 68.54 

1899-00 655.75 

1900-01 18,523.44 

1901-02 9,611.40 

1902-03 5,585.10 

1903-04 8,061.74 

1904-05 3,580.40 

1905-06 7,539.30 

1906-07 8,252.80 

1907-08 4,200.00 

196S-09 31,354.12 

1909-10 4,020.40 

1910-11 14,540.60 

1911-12 576.80 


Belmont. 

0 
No  P. 
161.74 
212.92 
.43 
No  P. 
No  P. 
No  P. 
No  P. 
145.46 
205.27 
208.41 
256.62 
290.59 
435.07 
451.23 
436.61 
455.15 
463.39 
468.86 
144.56 
506.09 
350.03 
480.70 


Total. 

0 

32,833.35 

12,913.22 

1,779.92 

22,017.23 

33,310.04 

12,714.40 

2,155.00 

25,507.63 

972.55 

273.81 

864.16 

18,780.06 

9,901.99 

6,020.17 

8,512.97 

4,017.01 

7,994.45 

8,716.19 

4,668.86 

31,498.68 

4,526.49 

14,890.63 

1,057.50 


RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING  THE   RUN- 
OFF   OF    THE    ALAMEDA    SYSTEM. 

APRIL. 


Season.  Alameda. 

1888-89 0 

1889-90 4,873.00 

1890-91 2,856.00 

1891-92 3,591.50 

1892-93 5,457.65 

1893-94 1,032.25 

1894-95 2,194.25 

1895-96 9,995.78 

1896-97 4,708.50 

1897-98 198.15 

1898-99 1,07L54 

1899-00 722.00 

1900-01 1,284.80 

1901-02 2,323.40 

1902-03 10,243.98 

1903-04 4,869.60 

1904-05 1,949.70 

ld05-06 8,330.95 

1906-07 6,759.80 

1907-08 586.40 

1908-09 1,521.30 

1909-10 2,109.46 

1910-11 1,989.30 

1911-12 600.40 


Belmont. 

Total. 

0 

0 

0 

4,873.00 

193.19 

3,049.19 

176.76 

3,768.26 

0 

5,457.65 

155.39 

1,187.64 

0 

2,194.25 

0 

9,995.78 

0 

4,708.50 

233.30 

431.45 

190.76 

1,262.30 

222.47 

944.47 

305.32 

1,590.12 

313.42 

2,636.82 

413.82 

10,657.80 

485.29 

5,354.89 

486.21 

2.435.91 

349.10 

8,680.05 

508.68 

7,268.48 

505.50 

1,091.90 

474.08 

1,995.38 

542.80 

2,652.26 

482.59 

2,471.89 

503.52 

1,103.92 
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RE-COMPUTED    FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,  REPRESENTING  THE  RUN- 
OFF  OF   THE   ALAMEDA    SYSTEM. 

MAT. 

Season.                   Alameda.  Belmont.  Total. 

1888-89 0  0  0 

1889-90 2,886.00  0  2,886.00 

1890-91 1,153.25  240.99  1,394.24 

1891-92 2,201.00  221.93  2,422.93 

1892-93 2,415.00  0  2,415.00 

1893-94 649.00  161.62  810.62 

1894-95 1,792.50  0  1,792.50 

1895-96 2,736.00  0  2,736.00 

1896-97 1,354.00  0  1,354.00 

1897-98 65.17  242.05  307.22 

1898-99 273.59  228.78  502.37 

1899-00 420.61  232.61  653.22 

1900-01 1,177.80  317.08  1,494.88 

1901-02 915.20  324.86  1,240.06 

1902-03 889.50  499.90  1,389.40 

1903-04 1,779.50  512.33  2,291.83 

1904-05 1,580.70  511.18  2,091.88 

1905-06 2,452.90  164.47  2,617.37 

1906-07 2,089.20  543.24  2,632.44 

1907-08 313.80  524.22  838.02 

1908-09 328.60  530.88  859.48 

1909-10 666.20  517.54  1,183.74 

1910-11 665.60  541.72  1,207.32 

1911-12 121.08  521.75  642.83 


RE-COMPUTED  FLOW    OVER    THE    NILES    AND 
SUNOL   DAM,   REPRESENTING   THE    RUN- 
OFF OF  THE  ALAMEDA   SYSTEM. 

JUNE. 

Season.  Alameda.  Belmont.  Total. 

1888-89 0         0  0 

1889-90 1,151,25        0  1,151.25 

1890-91 667.75  234.51  902.26 

1891-92 526.75  232.17  758.92 

1892-93 603.75-      28.36  632.11 

1893-94 432.75  156.40  589.15 

1894-95 636.50        0  636.50 

1895-96 618.25  131.90  750.15 

1896-97 564.00        0  564.00 

1897-98 8.63  225.65  234.28 

1898-99 102.11  223.44  325.55 

1899-00 77,17  226.32  303.49 

1900-01 478.60  306.68  785.28 

1901-02 332.20  286.96  619.16 

1902-03 88.84  506.00  594.84 

1903-04 204.12  496.93  701.05 

1904-05 180.05  503.05  683.10 

1905-06 1,218.80  403.17  1,621.97 

1906-07 892.00  523.97  1,415.97 

1907-08 10.77  523.84  534.61 

1908-09 148.00  493.09  641.09 

1909-10 158.00  480.59  638.59 

1910-11 158.00  516.21  674.21 

1911-12 5.31  519.58  524.89 


Early  Measurement  of  Cala- 
veras  Creek. 

Measurements  of  the  flow  of  Calaveras 
Creek  at  the  Calaveras  Reservoir  have  been 
taken   during   varying   intervals   of   time   since 

1874. 

The  first  measurements  were  made  by  Mr.  T.  R. 
Scowden,  Engineer  for  "Water  Supply  Investi- 
gation for  the  City  of  San  Francisco,  and  cover 
a  period  of  120  days  in  the  seasen  1874-5.  The 
results  of  these  gagings  are  to  be  found  in  the 
Municipal  Report  of  1874-5.     While  this  rec- 


ord is  only  for  120  days,  it  includes  the  period 
of  run-off  for  high  flow,  as  well  as  the  record 
of  rainfall  for  the  same  period.  Gagings  cov- 
ering the  remainder  of  the  season  were  taken 
by  the  Spring  Valley  "Water  Company,  and  the 
results,  as  a  whole,  are  given  by  Col.  Mendell 
in  the  Municipal  Report  for  1875-6  as  1,116 
million  gallons.  By  adding  this  to  the  amount 
reported  by  Mr.  Scowden,  the  total  run-off  for 
the  season  1874-5  becomes  13,464  million  gal- 
lons. 

A  copy  of  these  tables  of  run-off  and  rain- 
fall, reported  by  Mr.  Scowden,  follows: 


WATER  DISCHARGE  OF  CALAVERAS  CREEK. 
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WATER  SUPPLIES. 

TABLE     II. DAILY     DISCHARGE     OF     CALAVEEAS     CBEEK     EBOM    DECEMBER    2,    1874,    TO    MARCH    31,    1875,    INCLUSIVE. 


Date — 

December  2,  1874. 

December  3,  1874. 

December  4,  1874. 

December  5,  1874. 

December  6,  1874. 

December  7,  1874. 

December  8,  1874. 

December  9,  1874. 

December  10,  1874. 

December  11,  1874. 

December  12,  1874. 

December  13,  1874. 

December  14,  1874. 

December  15,  1874. 

December  16,  1874. 

December  17,  1874. 

Decem.ber  18,  1874. 

December  19,  1874. 

December  20,  1874. 

December  21,  1874. 

December  22,  1874. 

December  23,  1874. 

December  24,  1874. 

December  25,  1874. 

December  26,  1874. 

December  27,  1874. 
December  28,  1874. 
December  29,  1874. 

December  30,  1874. 

December  31,  1874. 

January  1,  1875. . . 


January 

2, 

1875 

January 

3, 

1875 

January 

4, 

1875 

January 

5, 

1875 

January 

6, 

1875 

January 

7, 

1875 

January 

8, 

1875 

January    9,  1875 

January  10,  1875 

January  11,  1875 

January  12,  1875 

January  13,  1875 

January  14,  1875 

January  15,  1875 

January  16,  1875 

January  17,  1875 

January  18,  1875 

January  19,  1875 3 

January  20,  1875 

January  21,  1875 ; 

January  22,  1875 

January  23,  1875 

January  24,  1875 

January  25,  1875 

January  26,  1875 

January  27,  1875 

January  28,  1875 

January  29,  1875 

January  30,  1875 

January  31,  1875 


Discharge. 

23,470,000  gallons 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

23,470,000 

19,461,000 

19,461,000 

19,461,000 

19,461,000 

23,470,000 
605,247,000 
239,421,000 
385,744,000 
169,078,000 
,360,968,000 
994,580,000 
316,215,000 
358,293,000 
358,293,000 
545,865,000 
431,542,000 
264,988,000 
245,013,000 
245,013,000 
238,768,000 
239,421,000 
171,517,000 


Date — ■ 
February 
February 
February 
February 
February 
February 
February 
February 
February 
F'ebruary  10, 
February  11, 
February  12, 
February  13, 
February  14, 
February  15, 
February  10, 
February  17, 
February  18, 
February  19, 
February  20, 
February  21, 
F'ebruary  22, 
February  23, 
February  24, 
February  25, 
February  26, 
February  27, 
February  28, 


1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 


March 
March 
March 
March 
March 
March 
March 
March 
March 
March  10, 
March  11, 
March  12, 
March  13, 
March  14, 
March  15, 
March  16, 
March  17, 
March  18, 
March  19, 
March  20, 
March  21, 
March  22, 
March  23, 
March  24, 
March  25, 
March  26, 
March  27, 
March  28, 
March  29, 
March  30, 
March  31, 


1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 
1875. 


.113, 
.113, 

.113, 
.  83. 
.  69, 
.  50, 
.  50, 
.  41, 
.  41, 
.  41, 
.  41, 
.  41, 
.  41 
.  41 
.  32 
.  32 
.  32 
.  32 
.  32 
.  32 
.  32 
.  32, 
.  32 
.  32 
.  29, 
.  29 
.  29 
.  29 


Discharge. 

993,000  gallons 

,993,000 

,993,000 

,954,000 

,754,000 

,255,000 

,255,000 

,842,000 

,842,000 

,842,000 

,842,000 

,842,000 

,842,000 

,842,000 

,144,000 

,144,000 

,144,000 

144,000 

,144,000 

,144,000 

,144,000 

,144,000 

,144,000 

,144,000 

668,000 

,668,000 

,668,000 

,668,000 


29 
29, 
29 
29, 
29 
29, 
29, 
29, 
29 
29 
29, 
29, 
29 
29 
29, 
26, 
26, 
26, 
26, 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 


608,000 
068,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
668,000 
336,000 
336,000 
336,000 
336.000 
470,000 
470,000 
470,000 
470,000 
470,000 
470,000 
,470,000 
,470,000 
,470,000 
,470,000 
,470,000 
470,000 


Total  discharge  in  120  days,  12,347,817,000  gallons. 
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Details  of  the  remainder  of  the  report  were 
lost  in  the  fire  of  1906,  and  are  therefore  not 
available. 

The  general  results  of  the  second  set  of 
measurements,  covering  the  seasons  1875-6  and 
1876-7  are  to  be  found  in  the  report  of  Col. 
George  H.  Mendell  on  the  water  supply  of 
San  Francisco,  published  in  the  San  Francisco 
Municipal  Report  for  1876-77. 

Colonel  Mendell 's  rain  records  cover  but  a 
few  months  of  the  whole  year  and  have  little 
value.  He  reports  the  total  run-off  of  Cala- 
veras Creek  at  the  damsite  as  follows: 

Run-off. 

For   season   1875-76 58,230 

For   season   1876-77 2,800 

Unfortunately,  the  details  of  these  measure- 
ments are  not  recorded  by  Colonel  Mendell,  so 
they  cannot  be  recomputed,  nor  can  they  be 
analyzed  in  detail.  It  appears  that  the  run- 
off for  the  season  1875-6  is  84.06  per  cent  of 
the  area  rainfall  for  that  season,  as  deter- 
mined by  this  report.  This  appears  excessive, 
though  it  is  probably  due  to  abnormal  rainfall 
distribution   and    intensity. 

The  run-off  for  the  season  1876-7,  as  given 
by  Col.  Mendell,  appears  to  be  14.63  per  cent 
of  the  area  rainfall  for  that  season — 11.19. 

Measurement  of  Calaveras  Creek 
Taken  by  Spring  Valley 
Water  Company  as  Far 
Back  as  1888. 

Subsequent  to  the  measurements  recorded  in 
Col.  Mendell's  report  three  sets  of  measurements 
have  been  taken  by  the  Spring  Valley  Water 
Company : 

1st.  Those  taken  by  George  Hadsell  from 
1888  to  1904,  which  will  be  referred  to 
hereafter  as  the  Hadsell  Measurements ; 
2nd.  Those  taken  by  Mr.  M.  Gabrielsen,  under 
the  direction  of  Cyril  Williams,  Jr.,  from 
1904  to  1908,  and  hereafter  referred  to 
as  the  Williams  Measurements ;  and 
3rd.  Those  at  present  being  taken  by  Mr.  P. 
F.  Jones,  Assistant  Engineer,  in  charge  of 
the  construction  work  at  Calaveras  Dam, 
which  will  hereafter  be  referred  to  as  the 
Jones  Measurements. 

The  Hadsell  Measurements. 

The  Hadsell  measurements  were  taken  over 
a  course  70  feet  long.     The  course  was  fairly 


straight  and  of  even  cross-section.  The  bot- 
tom and  sides  were  gravelly,  with  a  scatter- 
ing of  moderate-sized  boulders,  such  as  is  found 
in  any  stretch  of  a  creek  in  a  mountain- 
ous country.  Altogether,  it  was  a  fairly  good 
course  for  a  mountain  stream.  Survey  of  an 
average  cross-section  of  the  course  was  made 
in  1889  and  again  in  1902.  During  very  low 
water  periods  a  bedrock  fall  was  used,  which 
is  located  at  the  upper  end  of  the  gorge  just 
below  the  dam.  When  the  flow  was  sufficiently 
low  to  be  forced  through  the  fall  with  a  rea- 
sonable depth,  the  depth  of  water  over  bed- 
rock was  recorded  and  the  quantity  computed 
by  the  use  of  the  ordinary  Francis  weir  for- 
mula. 

The  time  taken  by  a  float  to  travel  the  length 
of  the   seventy-foot   course   in  the   thread   of 
maximum   surface   velocity   was   recorded,    as- 
well  as  the  depth    of    water    in    the  section. 
These  observations  were  made  daily. 

Although  the  records  were  taken  from  1888 
to  1904,  only  that  portion  from  1898  to  1904 
are  now  available,  the  remainder  having  prob- 
ably been  destroyed  in  the  fire  of  1906.  The 
records  left  by  Mr.  Hadsell  indicate  that  he  was 
a  very  careful,  painstaking  man,  as  well  as  a 
very  keen  observer. 

Discharge  of  the  Calaveras  Creek,  during 
the  period  of  the  Hadsell  records,  has  been  very 
carefully  worked  up  from  the  original  records 
made  by  Mr.  Hadsell.  It  is  not  claimed  that 
these  results  are  within  the  degree  of  pre- 
cision that  now  obtains  in  hydrographic  work, 
though  they  are  consistent  and,  I  believe,  are 
very  close  to  the  true  stream  flow  over  that 
period. 

Hadsell  Measurements  Very 
Conscientiously  Taken. 

In  nearly  all  of  Mr.  Hadsell's  semi-monthly 
reports  he  commented  on  the  meteorological  phe- 
nomena in  the  Calaveras  region.  He  ascribed 
reasons,  known  to  all  persons  familiar  with 
hydrologic  work,  for  apparent  discrepancies  in 
velocity  measuremehts  for  similar  depths  of 
water,  such  as  those  due  to  the  rising  and 
receding  flows,  and  to  direction  of  wind  cur- 
rents. He  noted  intensities  of  rainfall,  at  the 
reservoir  site,  where  a  gage  was  maintained,  as 
well  as  the  comparative  intensities  of  stream  dis- 
charges there.     Photographic  reproductions  of 


Report  of  Flow  of  Water  in  Calaveras  Creek. 
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Mr.  Hadsell's  remarks  show  that  rain  often  fell  in  other  parts  of  the  Calaveras  Watershed  when  none  fell 

at  Calaveras. 
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Report  of  Flow  of  Water  in  Calaveras  Creek. 
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Mr.  Hadsell's  observations  show  that  he  was  keenly  alive  to  his  work. 
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Report  of  Flow  of  Water  in  Calaveras  Creel(. 
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P/afe-B/4 

Mr.  Hadsell  appreciated  the  value  of  comparative  hydrographic  data. 
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Report  ol  Flow  of  Water  in  Calaveras  Creek. 


fron-iJKc.A^f      f'-^'  iS  99,  to  the      /6^^ 


/^ 


inclusioe. 


DATE. 


It      "^    .  II  I > 

.,       3-11  ^ 

/        ,.  .. 

9^~   10  7 

..       /o^  ..  .. 

■  1        //      'I  »• 

16  -  f^ 


Depth  Width      Velocity  Rain 

in  in  for  ^f 

Inches    Feet      J:.  (5.  .Feet.      Inches. 


REMARKS. 


jy 


,0  9^     /ax  /^c.^  A.J/  if^  ^ 
cIj~  "tr  oc^acJe  //^c ,  ^, 

//     ^  - 

Jl3a 


P/afe-B  /5 

Mr.  Hadsell  realized  the  effect  of  intensity  of  rainfall  on  the  run-off. 
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Report  of  flow  of  Water  in  Calaveras  Creek. 
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Such  comments  as  these  show  that  Mr.  Hadsell  was  exceedingly  conscientious. 
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A  SERIES   OF  FLOAT  MEASUREMENTS  AT  CALAVERAS  WERE  USED  TO  DETERMINE  THE  RE- 
LATION   BETWEEN    SURFACE   AND    MEAN    STREAM   VELOCITY. 
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some  of  his  reports,  which  show  this  character, 
are  given  in  Plates  B-12,  B-13,  B-14,  B-15  and 
B-16. 

His  records  are  so  replete  with  notes  of 
value,  as  to  inspire  the  utmost  confidence  in 
the  results  reported  by  him,  as  well  as  to  af- 
ford to  one  unfamiliar  with  the  Calaveras 
drainage  area  a  fairly  complete  knowledge  of 
the  habits  of  its  streams. 

Attention  is  called  to  the  reports  ending 
March  15  and  March  31  (Plates  B  14  and  B  15), 
where  note  has  been  made  of  greater  flow  at 
5  p.  m.  on  the  15th  of  March,  than  is  reported 
for  the  morning  of  either  the  15th  or  the  16th 
of  March.  In  the  computation  of  flow  from 
Mr.  Hadsell's  records,  no  account  has  been 
taken  of  any  departures  from  the  depths  ob- 
served on  the  morning  of  the  day  for  which 
the  observation  was  made.  The  depths  used 
throughout  have  been  recorded  in  the  column 
marked  "Depth  in  inches."  It  has  been  as- 
sumed, in  this  connection,  that  whatever  fluc- 
tuations may  have  occurred  in  the  computed 
discharges  above  and  below  the  actual  flow, 
have  been  compensating,  and  it  is  believed  that 
the  computed  discharges  for  each  season  repre- 
sent closely  the  actual  discharge  for  that  season. 

The  method  of  computing  the  stream  llow 
at  Calaveras  from  the  data  recorded  by  Mr. 
Hadsell  was  as  follows : 

Method  of  Computing  Flow  from 
Hadsell  Measurements. 

The  velocities  (surface,  in  the  thread  of  the 
stream  or  the  time  in  seconds  required  to  travel 
70  feet  in  length)  fluctuated  for  the  same 
depths,  for  reasons  already  stated,  as  noted  by 
Mr.  Hadsell  in  his  reports.  The  fluctuations, 
however,  varied  within  practically  the  same 
limits  from  year  to  year  for  the  period  covered 
by  these  records  (1898  to  1903),  indicating  that 
no  changes  of  any  consequence  had  occurred  in 
the  channel  section.  It  was  therefore  assumed 
that  the  maximum  surface  velocity  for  the  vari- 
ous depths  was  approximately  a  mean  between 
the  fluctuating  velocities  recorded  in  the  reports. 

The  various  lengths  of  time  required  in  seconds 
to  travel  70  feet,  as  recorded  in  the  reports,  were 
plotted  (Plate  B-17)  as  ordinates,  and  the  cor- 
responding depths  were  plotted  as  abscissae.  A 
curve  was  drawn  approximately  through  the 
means  of  the  points,  and  was  assumed  to  repre- 


sent the  maximum  surface  velocity  for  the 
corresponding  depth,  and  Mr.  Hadsell's  records 
of  velocity  were  corrected  accordingly.  Thus,  in 
the  computations  of  flow,  from  Mr.  Hadsell's 
records,  only  the  depth,  as  recorded  by  him  was 
used. 

Coefficients  Are  Determined 
from  Actual  Gagings. 

From  the  curve  (Plate  B-17),  showing  the 
time  required  for  a  float  to  travel  70  feet  in  the 
thread  of  the  stream,  the  maximum  surface 
velocity  was  obtained.  In  order  to  arrive  at  the 
proper  percentage  to  apply  to  the  maximum  sur- 
face velocity,  to  obtain  the  mean  stream  velocity, 
consideration  was  given  to  the  hydraulic  ele- 
ments of  the  channel.  There  were  also  available 
a  series  of  float  gagings,  made  in  the  Calaveras 
Creek  by  Mr.  P.  F.  Jones  during  some  of  the 
flood  discharges  in  1911  and  1912  in  practically 
the  same  location  and  with  practically  similar 
conditions  of  stream  bed  as  obtained  in  the  70- 
foot  section  used  by  Mr.  Hadsell.  The  depth  of 
water  in  the  channel  during  these  experiments 
varied  from  3.4  feet  to  13.2  feet  on  the  gage. 

In  conducting  these  experiments  for  the  pur- 
pose of  establishing  a  rating  curve,  Mr.  Jones 
surveyed  three  sections  in  the  course  over  which 
his  measurements  were  taken.  In  this  channel  he 
took  current  meter  measurements  up  to  a  gage 
height  of  .61/2  feet.  Above  this  height  the  velocity 
and  interference  from  drift  wood  were  so  great 
a&  to  render  the  work  with  a  current  meter  im- 
practicable. For  greater  depths  than  6l^  feet, 
float  gagings  were  made  by  obtaining  the  velocity 
in  longitudinal  sections,  approximately  10  feet 
apart.  To  check  the  accuracy  of  the  flood 
gagings,  similar  experiments  to  that  above  stated 
were  made  at  shallower  depths  than  6I/2  feet. 

Diagrams  showing  the  results  of  the  float  ex- 
periments are  shown  in  Plate  B-18. 

The  results  obtained  from  the  Jones  gagings 
were  found  in  close  agreement  with  the  results 
of  the  experiments  of  many  eminent  hydraulic 
engineers  upon  the  flow  of  water  in  channels  of 
this  kind. 

A  curve  was  therefore  made  in  accordance 
with  these  various  experiments  which  shows,  for 
various  gage  heights,  the  probable  relation  exist- 
ing between  the  mean  stream  velocity  and  the 
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THESE  INSTRUCTIONS  SHOW  THAT  SURVEY  OF    CROSS-SECTION    WAS    MADE    WHERE    MEAS- 
UREMENTS  OF  FLOW  IN  CALAVERAS   CREEK    WERE  TAKEN  BY  MR.  HADSELL. 
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DETERMINATIONS  BY  ACTUAL  SURVEYS. 
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maximum  surface  velocity,  determined  from 
curve,  Plate  B-17,  and  shown  on  Plate  B-19. 

The  increase  in  the  hydraulic  radius  with  the 
increase  in  gage  height  was  also  used  as  a  guide 
in  developing  the  curve  showing  the  relation  be- 
tween maximum  surface  velocity  and  probable 
mean  stream  velocity. 

The  product  of  the  mean  stream  velocity,  thus 
found  for  each  gage  height,  applied  to  the  area 
of  the  channel  at  that  height,  gave  the  discharge. 
These  discharges  were  plotted  for  each  foot  on 
the  gage,  as  abscissae,  while  the  gage  heights 
were  plotted  as  ordinates  and  the  points  were 
connected  by  a  curve,  which  was  adopted  as  the 
discharge  curve  for  Calaveras  Creek  to  be  ap- 
plied to  the  Hadsell  measurments.  This  is  shown 
on  Plate  B-20. 

Cross-Sections  Determined 
by  Actual  Surveys. 

In  October,  1889,  a  survey  of  the  section  iised 
by  Mr.  Hadsell,  and  computations  of  area  for 
various  depths  of  the  same,  were  made  by  Mr. 
George  Schussler  (see  Plate  B-20).  This  sec- 
lion  was  used  by  Mr.  Hadsell  throughout  the 
entire  period  covered  by  his  records.  During 
the  time  intervening  between  October,  1889, 
when  Mr.  George  Schussler 's  section  Avas  sur- 
veyed, and  the  time  when  the  records  of  Mr. 
Hadsell,  now  available,  began  in  1898,  several 
wet  winters  occurred,  notably,  1889-90,  1892-3, 
1894-5,  and  1896-7,  so  that  considerable  of  the 
change  in  section,  from  that  surveyed  by  Mr. 
George  Schussler  in  1889,  and  that  surveyed  by 
Mr.  L.  B.  Cheminant  in  April,  1902,  probably 
occurred  during  the  seasons  named. 

Mr.  Cheminant  was  instructed  to  survey  the 
section  where  the  Pladsell  measurements  were 
taken  as  will  be  seen  from  the  letter  to  Mr. 
Hadsell  (for  which  refer  to  photographic  copy, 
Plate  B-21)  and  that  he  surveyed  the  section  at 
that  point  will  be  seen  from  the  memorandum 
noted  on  the  map  of  the  survey,  made  by  Mr. 
Cheminant  (for  photographic  copy  of  which  see 
Plate  B-22) .  Mr.  Cheminant  made  both  the  sur- 
vey and  the  map  of  the  same. 

The  following  table  shows  the  areas  at  differ- 
ent elevations  of  the  section  surveyed  by  Mr. 
George  Schussler  in  1889,  and  of  the  survey  by 
Mr.  Cheminant,  in  1902 : 


Areas,  Areas, 
Depth                      George  Schussler,     L.  B.  Cheminant, 

in  Section  Section 

i:eet.  Square  feet.  Square  feet. 

1  14  12 

2  43  38 

3  76  77 

4  113  121 

5  153  170 

6  197  223 

7  245  282 

8  297  341 

9  357  403 

10  419  468 

11  484  537 

12  551 

13  623 

14  700 

In  making  the  computations  from  the  Hadsell 
records,  a  curve  (Curve  A  on  Plate  B-20)  was 
adopted  which,  it  is  believed,  closely  rep- 
resents the  actual  cross-sectional  area  curve  dur- 
ing the  period  covered  by  these  gagings,  viz. : 
from  1898  to  1903. 

Results  from  Computing  the 
Hadsell  Measurements. 

The  following  table  shows  the  computed  dis- 
charges of  Calaveras  Creek  during  the  period  of 
the  Hadsell  records,  at  one  foot  intervals,  from 
cne  foot  to  fourteen  feet  on  gage : 
Gage  Height.  Discharge. 

Feet.  Million  Gallons  Daily. 

1  9.0 

2  43.0 

3  109.0 

4  198.0 

5  315.0 

6  477.0 

7  670.0 

8  930.0 

9  1,274.0 

10  1,685.0 

11  2,147.0 

12  2,757.0 

13  3,574.0 

14  4,511.0 

The  following  summary  shows  the  estimated 
'flow,  by  months,  in  million  gallons,  for  the  sea- 
sons of  1898-99  to  1902-03,  based  on  Mr.  Had- 
sell 's  measurements : 

SEASONS: 
1898-99  1899-00  1900-01  1901-02  1902-03 
M.  G.     M.  G.      M.  G.       M.  G.       M.  G. 

July   14  248  484       1,047  870 

August   5  35         137  581         304 

September   4  12  51         224  32 

October   9  55  184  297  11 

November    4       1,225       6,149  312  326 

December    5       3,213  638  842  542 

January    2,641       5,414       5,074  612       2,321 

February   317         497       4,348       4,851       3^143 

March    7,763       1,706       1,353       3,286       4,256 

April   1,861  954  591  838       2,973 

May 592  709       1,089  430  387 

June    505  492  434  71  306 

Totals    13,720     14,560     20,532     13,391     15,471 
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THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


From  the  rainfall  records,  discussed  in  Ap- 
pendix "A",  the  estimated  mean  area  rainfall, 
on  the  Calaveras  drainage  area,  for  the  seasons 
covered  by  the  Hadsell  records,  was  as  follows: 

1889-99 23.35  inclies 

1899-00 27.57 

1900-01 31.15 

1901-02 25.44 

1902-03 27.62 

By  reducing  the  run-off  in  million  gallons  for 

each  of  these  seasons,  to  inches  of  rain  for  the 

Calaveras  drainage  area,  we  have  the  following: 

Run-off.        Rainfall. 
Inches.         Per  cent. 

1898-99 8.04  34.26 

1899-00 8.54  30.97 

1900-01 12.00  38.52 

1901-02 7.83  30.78 

1902-03 9.06  32.8 

The  Williams  Measurements. 

Beginning  in  1904,  an  effort  was  made  to  ob- 
tain more  careful  measurements  of  the  flow  of 
Calaveras  Creek.  Under  the  direction  of  Mr. 
Cyril  Williams,  Jr.,  a  course  200  feet  long,  just 
above  the  Calaveras  Damsite  was  chosen,  in 
which  to  measure  flood  waters,  and  a  concrete 
weir  constructed  to  divert  the  stream  during  ex- 
ploration work  for  the  Calaveras  Dam,  was  used 
to  measure  tlie  low  water  flow. 

Careful  cross-section  measurements  of  the  200- 
foot  course  were  made  every  25  feet.  This  course 
was  straight,  uniform  of  section,  and  as  good  as 
the  70-foot  course,  besides  being  longer,  though 
because  of  interference  with  the  flow  at  tlie 
lower  end  of  the  course,  the  latter  portion  of 
the  Williams  measurements  was  confined  to  the 
tipper  100  feet  of  the  200-foot  course,  new  chan- 
nel cross-sections  being  taken  every  20  feet  of 
the  100  feet. 

Change  in  Section  Used  by 
Williams  Is  Uncertain. 

Recorded  gagings  indicate  that  measurements 
over  the  100-foot  course  began  in  1906,  though 
the  map  of  cross-sections  made  by  Mr.  Williams 
bears  the  date  of  1908.  Unfortunately,  the  field 
books  containing  the  notes  of  this  survey,  which 
would  relieve  all  doubt  on  this  question,  were 
destroyed  in  the  1906  fire.  It  is  quite  probable, 
of  course,  that  the  filing  map  of  these  sections 
was  made  a  year  after  the  surveys  were  made, 
and  as  the  recorded  gagings  indicate  this  to  be 


the  case,  I  have  accepted  the  change  from  the 
200-foot  course  to  the  100-foot  course  to  have 
taken  place  as  indicated  in  the  gage  records,  and 
have  disregarded  the  date  given  in  the  map  made 
by  Mr.  Williams.  As  in  the  case  of  the  70-foot 
course,  record  was  made  of  the  time  it  took  a 
float  to  travel  over  the  course  along  the  thread  of 
maximum  surface  velocity.  Instructions  were 
issued  not  to  use  the  concrete  weir  when  the 
water  was  in  excess  of  18"  above  its  crest. 

From  the  original  records  of  the  Williams 
measurements,  re-computation  of  the  flow  of 
Calaveras  Creek  at  Calaveras,  during  the  seasons 
of  1904-5  to  1907-8,  inclusive,  were  made.  The 
flow  for  the  first  part  of  the  season  of  1903-4, 
viz. :  from  July  1st,  1903,  to  Feb.  7th,  1904,  was 
computed  from  the  records  of  Mr.  Hadsell,  taken 
at  the  70-foot  course  and  for  the  latter  part  from 
Feb.  8th,  1904,  to  June  30th,  1904,  the  flow  was 
computed  from  the  records  over  the  200-foot 
course. 

From  the  results  obtained  in  the  distribution 
of  the  rainfall  over  the  Calaveras  drainage 
area,  a  computation  was  made  of  the  probable 
rainfall  over  the  area  for  each  year  of  the 
63-year  period.  In  analyzing  the  run-off  due 
to  the  rainfall  for  each  year  from  1898  to  1908 
and  from  1910  to  1912,  it  was  found  that  the 
run-off  computations  made  from  the  Williams 
data  were  for  the  most  part  so  unreasonably 
high  as  compared  with  the  rainfall  that  grave 
doubt  arose  as  to  reliability  of  the  results.  A 
recomputation  of  the  data  was  therefore  de- 
cided upon. 

Williams  Computations 
Are  Erroneous. 

It  was  found  in  checking  the  area  of  the  nine 
cross-sections  in  the  200-foot  course  and  of  the 
six  sections  in  the  100-foot  course  from  the 
maps  of  these  sections  made  by  or  under  the 
direction  of  Mr.  Williams,  that  the  mean  area 
of  the  nine  and  the  six  sections'  area,  respect- 
ively, at  different  gage  heights  was  taken  as 
representing  the  area  of  the  200-foot  course 
and  of  the  100-foot  course  for  corresponding 
^age  heights.  These  areas  were  found  to  be 
in  error  as  much  as  25%,  because  in  the  origi- 
nal computation  of  areas  for  corresponding 
gage  heights  (the  gage  in  both  cases  being  at 
the  upstream  section) ,  the  areas  in  each  of  the 
nine  and  the  six  sections,  respectively,  of  the 
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PUTING THE  FLOW  OP  CALAVERAS  CREEK  OVER  THE  200-POOT  COURSE.  NO  ALLOW- 
ANCE WAS  MADE  FOR  SLOPE  IN  WATER  SURFACE  IN  THIS  200  FEET. 
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CROSS-SECTIONAL  AREAS  USED  BY  MR.  WILLIAMS  IN  COMPUTING  PLOW  OP  CALAVERAS 

CREEK  OVER  100-POOT  COURSE.     HERE  AGAIN   PROPER   ALLOWANCE    FOR   SLOPE 

OF  WATER   SURFACE   WAS   NOT   MADE. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


200-ft.  and  100-ft.  course  was  computed' up  to 
the  level  of  the  gage  height. 

Thus  it  will  be  seen  that  the  water  surface 
was  considered  level  with  the  gage  height 
throughout  the  200-foot  course,  obviously  a 
condition  of  no  velocity  and,  no  flow,  and  there- 
fore clearly  in  error.  From  the  elevations 
shown  on  the  contour  map  of  the  200-foot 
course  (Plate  B-23)  it  will  be  seen  that  this 
course  has  a  drop  of  about  one  foot  in  200  feet. 

In  the  recomputations  of  the  areas,  allow- 
ance was  made  for  the  depths  in  each  section, 
due  to  the  slope  of  the  channel. 

There  are  inserted  here  photographic  repro- 
ductions of  the  nine  cross-sections  in  the  200- 
foot  course,  with  table  of  computed  areas  of 
each  section  (Plate  B  24)  ;  rating  curve  of  12- 
foot  weir  and  table  of  flow  through  the  200-foot 
sections  (Plate  B-25)  ;  six  cross-sections  in  the 
100-foot  course  with  table  of  areas  for  each  sec- 
tion (Plate  B-26)  ;  table  of  mean  area  of  the  five 
cross-sections  (Plate  B-27)  ;  factor  curve  for 
100-foot  section  (Plate  B  28)  ;  and  cross-sec- 
tions of  12-foot  weir  (Plate  B29). 

These  diagrams  and  maps  were  all  made  by 
or  under  the  directon  of  Mr.  Cyril  Williams, 
Jr.,  and  were  used  as  a  basis  for  the  original 
computations  of  flow  at  Calaveras  from  Febru- 
ary 8th,  1904,  to  June  30th,  1908,  heretofore 
used  by  the  Spring  Valley  Water  Company. 

It  will  be  seen  by  referring  to  Plate  B  25, 
showing  rating  curve  for  12-foot  weir  and  table 
of  flow  for  the  200-foot  section,  that  in  the 
formula  used  in  computing  the  flow  througli 
the  200-foot  section  the  mean  stream  velocity 
was  taken  throughout  at  two-thirds  (66  2-3%)  of 
the  maximum  surface  velocity,  regardless  of 
changes  in  the  hydraulic  elements  of  the  chan- 
nel due  to  variation  in  depth. 

By  computation  it  was  found  that  the  data 
shown  on  the  factor  curve  (Plate  B  28)  was  de- 
duced by  also  using  the  same  ratio  (66  2-3  %) 
of  the  maximum  surface  velocity  to  obtain  the 
mean  stream  velocity  at  all  depths. 

It  will  thus  be  seen — assuming  the  computa- 
tions of  flow  from  the  data  to  be  correct — that 
the  discharge  so  computed  must  necessarily  be 
very  excessive  because  of  the  use  of  excessive 
areas  and  excessive  velocities  mentioned  above. 


Williams  Measurements 
Recomputed. 

A  recomputation  of  the  flow  from  the  rec- 
ords taken  from  1904-08  was  made  by  Mr.  G.  G. 
Anderson,  making  due  allowance  for  errors 
heretofore  committed  and  above  referred  to, 
whenever  possible.  Mr.  Anderson  calibrated 
the  channel  with  the  12-foot  weir.  The  results 
found  by  him  for  these  seasons,  together  with 
those  obtained  by  the  methods  deduced  by  Mr. 
Williams  for  this  period,  are  summarized  as  fol- 
lows: 

G.  G.  Anderson.    Williams. 

1903-04 19,929  16,485 

1904-05 14,902  16,503 

1905-06 26,962  32,551 

1906-07 37,146  54,507 

1907-08 9,203  14,147 

Jones  Measurements. 

Measurements  made  by  Mr.  P.  F.  Jones  at 
Calaveras  are  available  for  the  seasons  1910-11 
and  1911-12. 

For  low  water  the  concrete  weir  constructed 
just  prior  to  the  Williams  measurements  has 
been  used.  During  the  Williams  measurements 
over  the  12-foot  weir  a  constant  amount  was 
added  after  a  depth  of  1'  5"  had  been  reached, 
to  account  for  extra  quantity  of  water  passing 
over  the  end  of  the  weir  due  to  a  depression 
in  the  crest  at  that  point  (Plate  B  29).  At  the 
beginning  of  the  Jones  measurements  over  this 
weir  the  depression  had  been  filled  up  and 
made  level  across  the  entire  width.  (Plate  B-30.) 

It  was  intended  to  use  a  current  meter  for 
all  high-water  measurements,  but  this  was  found 
impracticable  above  a  gage  height  of  6^/2  feet 
because  of  drift  and  excessive  velocity  of  the 
water.  In  using  the  current  meter  the  average 
vertical  velocity  was  determined  by  lowering 
and  raising  the  meter  from  the  surface  of  the 
water  to  the  bottom  of  the  stream  and  back  to 
the  surface  at  a  uniform  rate.  The  ver- 
tical velocities  were  determined  at  intervals 
of  5  feet,  and  a  summation  of  discharge  made, 
using  products  of  the  vertical  velocities  and  the 
area  to  which  they  applied.  The  section  used 
for  meter  work  was  under  the  suspension 
bridge,  directly  upstream  from  the  concrete 
measuring  weir. 

The  float  measurements  were  taken  over  a 
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course  of  300  feet  just  above  the  suspension 
bridge.  The  course  has  a  rocky  point  pro- 
jection on  one  side,  and  is  not  a  particularly 
favorable  one.  Floats  were  started  at  diflEerent 
points  of  the  stream  surface  width,  and  note 
taken  of  the  time  consumed  in  passing  over  the 
100-foot  course  and  the  portion  of  the  stream 
width  they  traversed.  By  plotting  these,  the 
surface  velocities  at  various  portions  of  the 
streams  were  determined.  The  average  ver- 
tical velocity  was  assumed  to  be  6-10  of  the 
surface  velocities  in  all  cases.  This  factor  was 
used  because  of  the  character  of  the  stream  bed. 

From  the  gagings,  both  by  meter  and  floats, 
a  discharge  curve  (Plate  B  31)  was  constructed 
to  which  gauge  rod  readings  were  applied. 
During  storms  half-hourly  gage  readings  were 
taken.  ■  ,     ;j  lYj 

The  results  of  the  1910-11  gagings  give  a 
run-off  of  56%  of  the  total  mean  area  rainfall 
for  that  year.  This  seems  rather  high,  though 
it  can  be  explained  by  the  abnormal  character 
of  the  rainfall  during  the  season  of  1910-11. 
Practically  all  the  rain  came  in  three  storms 
closely  following  one  another,  the  first  oc- 
curring after  the  ground  was  fairly  well  sat- 
urated. The  intensities  of  the  storms  were  also 
abnormal.  These  two  factors  satisfy  the  condi- 
tion for  a  maximum  run-off  from  the  recorded 
rainfall. 

Plate  B  31  shows  the  cross-section  of  the 
Calaveras  Creek  at  the  place  of  gaging  by 
Jones,  together  with  the  discharge  curve  de- 
veloped from  his  gagings.  Plate  B  36  shows  the 
location  of  gage  for  measuring  stream. 

The  formula  used  for  the  discharge  over  the 
weir  was  the  one  used  in  the  "Williams  measure- 
ments.    (Plate  B  25.) 

Measurements  of  Flow  of  the 
Arroyo  Voile. 

Gagings  of  the  Arroyo  Valle  at  the  damsite 
were  taken  by  the  Spring  Valley  Water  Com- 
pany over  a  period  of  about  4  years,  covering 
the  seasons  of  1904-5  to  1907-8,  inclusive.  Al- 
though diligent  search  was  made  through  all  the 
records  of  the  Spring  Valley  Water  Company 
we  were  unable  to  find  these  gagings. 

Subsequently  a  copy  of  most  of  the  records 
taken  at  Arroyo  Valle  was  obtained  from  Mr. 
F.  Gainor,  the  watchman  who  took  the  meas- 


urements. This  copy  covers  all  the  flood  sea- 
sons of  these  three  years  though  not  all  of  the 
low  water  periods.  While  it  is  not  the  original 
document,  it  is  an  authentic  copy  of  the  same, 
made  by  the  man  who  took  the  measurements 
at  the  time  they  were  being  taken,  and  is  ac- 
cepted as  correct.  Estimates  have  been  made 
of  the  low  water  flow  not  contained  in  the 
record,  by  comparison  with  other  recent  low 
water  flow  records. 

Careful  cross-section  measurements  of  the 
channel  at  the  gaging  station  were  made  by 
Mr.  L.  B.  Cheminant.  This  course  was  laid  out 
with  a  length  of  150  feet.  During  the  first  sea- 
son the  course  was  used  over  its  entire  length, 
though  for  the  seasons  following  only  the 
upper  75  feet  was  used.  As  in  the  case  of  the 
Williams  and  the  Hadsell  stream  measurements, 
the  maximum  surface  velocity  was  obtained  by 
recording  the  time  it  took  a  float  to  pass  over  the 
length  of  the  course  along  the  thread  of  maxi- 
mum surface  velocity  at  varying  stages.  Simul- 
taneously with  the  velocity  measurements,  the 
depth  of  water  on  the  gage  rod  was  also  recorded. 
The  course  was  a  very  good  one  except  that  the 
cross-section  of  the  stream  at  this  point  con- 
tains gravel  of  a  considerable  area,  permitting 
some  underflow  to  pass  without  measurement. 

Methods  Used  in  Computing  Flow 
of  Arroyo  Valle. 

In  arriving  at  the  discharge  represented  by 
these  gagings,  several  methods  of  computation 
were  used  resulting  in  approximately  the  same 
quantities  as  that  which  was  flnally  used  and  is 
here  described  in  detail. 

The  gagings  and  recorded  time  show  some 
discrepancies.  For  instance,  from  the  table  of 
gagings  on  Jan.  14th,  1906,  we  have  a  gage 
height  of  3'  0"  corresponding  to  a  time  of  20 
seconds  for  a  distance  of  75  feet,  and  on  Jan. 
31st,  1907,  we  have  a  gage  height  of  0.90  feet 
and  a  time  of  20  seconds  for  75  feet.  These 
differences  in  depth  corresponding  to  the  same 
time  may  be  accounted  for  by  the  possibility 
of  the  recorder  placing  the  float  in  a  part  of 
section  outside  of  the  path  of  the  maximum 
surface  velocity,  or  by  the  direction  of  the 
wind,  or  a  combination  of  both.  A  wind  blow- 
ing upstream  would -retard  the  velocity  of  the 
float,  while  a  wind  blowing  downstream  would 
increase  it.    In  order  to  overcome  this  exigency 


=1 


I 


II 


sl" 


' 

— 

- 

1 

1 

p> 

^ 

\ 

^ 

/ 

/ 

/ 

^ 

/^ 

^ 

^ 

„' 

~~ 

— 

— 

—' 

""t. 

0 

^ 

«*• 

0 

0 

c 

^ 

■^ 

i 

I 


^1 


Pi 
H 
H 
< 

K 

o 

W 

H 
Q 

K 


Q 
<! 

m 
H 
cc 

H 
« 
O 
2 


O 


<1 
H 

ra 

H 

w 

H 

Q 
Z 
<J 

>H 

H 

3 
o 

H 
l> 

H 
O 

P 
02 

H 

w 


U0/^03^  ^a^O  ■/99J  U/  i/^d9(J 


337 


t--ii^|^-i: 


338 


339 


^^™ 

^M 

~~ 

■"" 

~~ 

^~ 

^~ 

^^^ 

^^^ 

^"* 

1 

\ 

\ 

\ 

I 

\ 

>5^  ^  ^    N  ,^  ^       5" 

\ 

v 

\ 

\ 

^ 

2-                        .<o  S^  <   <o 

\ 

\ 

^ 

\ 

\ 

C 

-w 

u 

-\ 

<. 

^) 

■!^ 

y 

<-:: 

A 

« 

»V 

:\ 

-1 

\^ 

1 

C.1 

<^ 

\ 

^ 

^\ 

< 

l^ 

~\ 

-t 

y 

\ 

A 

V 

^ 

^ 

1 

1? 

i 

M 

M 

c 

1 

T 

I 

\ 

I 

A 

\ 

*o 

L 

\ 

5 

\ 

V 

\ 

\ 

^ 

N 

L 

V 

\ 

\ 

\ 

1 

L 

\ 

V 

\ 

1 

N 

\ 

\ 

\ 

\ 

S 

\. 

\ 

s 

V. 

> 

V 

■  ai 

r:?^ 

:^ 

\. 

\ 

r 

t 

^ 

5 

0( 

> 

V 

^N 

> 

r 

\ 

•>- 

^ 

"^                           ^                          "^          i9SJ      "^ 

< 

li 

Eh 

12; 

H 
H 

w 

<! 

S 
<l 
H 
« 

m 

J 

O 

m 

« 

H 

« 

O 


O 

H 

O 
ix 
O 

CIS 

«l 
o 

P 
O 

H 
O 

<! 
W 
o 


340 


shomno 
Locaf/on  of  Gag/no  iSfaf/on^ 
A/amec/c7  Sysfem 

P/cffeB36 


STREAM  GAGINGS  ARE  BEING  MADE  AT  MANY  PLACES  IN  THE  ALAMEDA  SYSTEM. 


341 


342 


THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


a  time  curve  (Plate  B  32)  was  very  carefully 
drawn  as  a  mean  of  all  observations,  the  co- 
ordinates of  each  observation  being  represented 
by  depth  of  the  gage  and  time  required  to 
traverse  the  150-foot  course.  From  this  time 
curve  the  maximum  surface  velocities  were 
computed  for  various  depths  as  indicated  by 
gage  rod  readings. 

Stream  Section  Very  Favorable 
for  Good  Results. 

A  glance  at  the  stream  bed  sections  (Plate 
B  33)  through  which  the  gagings  were  taken, 
will  show  that  sections  numbered  2  and  3  are 
very  nearly  identical  in  general  conformity 
while  sections  numbered  1  and  4  differ 
materially  in  shape.  It  was  considered  logical  to 
build  up  a  composite  of  these  sections  giving 
double  weight  to  sections  2  and  3  and  correspond- 
ingly smaller  significance  to  sections  1  and  4.  Af- 
ter building  up  this  composite  section,  the 
areas  and  the  hydraulic  radii  for  dif- 
ferent gage  heights  were  computed.  In  terms 
of  the  gage  heights  the  areas  and  the  hydraulic 
radii  were  plotted  and  smooth  curves  drawn 
through  these  points.  From  a  study  of 
Mr.  C.  E.  Grunsky's  Sacramento  River  investi- 
gations, as  per  Report  to  Commissioner  Rose, 
and  making  similar  investigations  on  the  Arroyo 
Valle  sections  for  depths  of  from  1  foot  to  5^2 
feet,  we  find  that  the  ratio  of  mean  sectional 
velocity  to  maximum  surface  velocity  varies 
from  .43  to  .80.  A  percentage  curve  was  drawn 
between  these  limits,  as  shown  on  Plate  B-34, 
and  following  the  general  trend  of  the  hy- 
draulic radii  for  these  different  depths.  From 
the  area  and  percentage  curves  thus  obtained, 
a  discharge  curve  (Plate  B  35)  was  plotted  and 
the  quantities  for  the  storm  periods  of  the  sea- 


sons 1904-05  to  1907-08,  inclusive,  were  ob- 
tained. These  with  the  addition  of  the  esti- 
mated dry  season  flow  are  given  by  months  in 
the  following  table: 

ARROYO    VALLE    RUN-OFF. 
From  F.  Gainor's  Gagings 
in  Seasons 

1904-5          1905-6  1906-7  1907-8 

M.  G          M.  G.  M.  G.  M.  G. 

July   *30              *30  *30  *30 

Aug *30              *30  *30  *30 

Sept *30              *30  *30  *30 

Oct *50              *30  *30  *30 

Nov *60              *30  *30  *30 

Dec *200              *50  1,495  294 

Jan *500           6,234  10,618  1,613 

Feb 589              788  1,195  1,095 

Mar 2,290           7,967  18,125  *100 

Apr 222            1,457  *100  *60 

May    185.7          199  *80  *30 

June    ''60                36  *30  *30 

Totals    ....    4,246.7      16,881  31,793  3,372 

Note:      * — Indicates   Estimated   Quantity. 

The  flow  for  1911-12  was  made  under  the 
direction  of  Mr.  T.  W.  Espy  by  Standard  Cur- 
rent Meter  methods. 

Measurements  to  Determine 

Rapidity  of  Water  Entering 
Livermore  and  Sunol  Gravels, 

Beginning  with  January  1st,  1912,  gaging 
stations  were  established  at  four  places  on  the 
Arroyo  Valle,  three  places  on  the  Arroyo 
Moeho,  two  places  on  the  Arroyo  Positas,  two 
places  on  the  Laguna  Creek,  and  one  place  on 
the  San  Antonio  Creek.  The  relative  location 
of  these  gaging  stations  is  shown  on  Plate  B  36. 
These  measurements  were  taken  with  weirs 
and  current  meters,  effort  being  made  to  obtain 
all  fluctuations  of  flow. 

Following  is  a  tabulation  by  months  of  dis- 
charges in  million  gallons  at  these  various  sta- 
tions : 


Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Arroyo 

Positas, 

Positas, 

Laguna, 

Laguna, 

San 

1912. 

Valle, 

Valle, 

Valle, 

Valle, 

Mocho, 

Mocho, 

Mocho, 

Mocho, 

No.  1. 

No.  2. 

No.  1. 

No.  2. 

No.  1. 

No.  2. 

No.  3. 

No.  i. 

No.  1. 

No.  2. 

No 

'.  3. 

No.  *. 

Jan.    , 

,.117.85 

154.48 

61.03 

0 

26.31 

0 

2. 

16 

54.59 

45.53 

32.39 

224.35 

271.07 

114.5 

Feb.    , 

. .    62.50 

78.48 

35.64 

0 

10.19 

0 

85 

19.88 

25.27 

7.22 

119.78 

105.56 

40.6 

Mar. 

..411.77 

423.63 

356.58 

0 

62.61 

0 

0 

23.09 

35.01 

9.88 

153.95 

162.64 

202.9 

Apr.   . 

..106.57 

96.88 

69.19 

0 

11.22 

0 

0 

9.50 

14.78 

0 

125.80 

134.67 

56.5 

May   . 

. .   60.94 

60.27 

28.23 

0 

7.71 

0 

0 

5.70 

6.83 

0 

105.17 

110.85 

31.2 

June  . 

.      7.93 

35.72 

9.47 

0 

1.65 

0 

0 

1.87 

3.51 

0 

65.81 

51.23 

8.3 

At  all  of  these  stations  there  is  more  or  less 
underflow  that  of  course  is  not  included  in 
these  measurements. 

At  Arroyo  Valle  No.  2,  located  at  the  Cresta 


Blanca  Bridge,  bedrock  is  exposed  on  the  east 
bank  of  the  creek,  though  it  does  not  appear 
in  the  bottom  of  the  stream  bed.  The  bridge 
at  this  point  has  two  concrete  piers,  the  south- 
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erly  pier  being  in  the  center  of  the  trough  of 
the  stream  bed,  not  resting  on  bed  rock.  At 
this  gaging  station  there  is  probably  less  sur- 
face stream  flow  than  at  any  other  of  the  sta- 
tions on  the  Arroyo  Valle. 

At  Arroyo  Mocho  No.  1,  located  about  6 
miles  southeast  of  Livermore,  the  east  bank  is 
clay,  probably  the  edge  of  a  clay  kidney,  there 
being  no  evidence  of  its  continuing  across  the 
stream  channel.  There  is  probably  less  under- 
flow at  this  station  than  at  the  others  in  the 
Arroyo  Mocho. 

The  same  is  relatively  true  of  Positas  No.  1. 

Plate  No.  36  A  contains  mass  curves  of  the 
flows  at  these  various  stations. 

Weekly  observations  were  made  of  the  place 
of  disappearance  of  waters  in  the  Arroyo  Valle, 
Arroyo  Mocho  and  Arroyo  Positas.  These  are 
indicated  diagramatieally  on  Plate  B  37. 

Estimated  Run-off  from  the  Various 
Drainage  Areas  of  Alameda 
System. 

From  the  foregoing  statement  concerning  run- 
ofiE  in  the  Alameda  System  it  may  be  briefly 
stated  that  the  records  available  are  as  follows : 

Daily  computations  of  flow  over  Sunol  and 
Niles  Dams  from  December,  1889,  to  July  1st, 
1912; 

Daily  computations  of  flow  at  the  Calaveras 
Reservoir  site  since  July  1st,  1898,  to  July  1st, 
1912,  with  two  seasons,  1908-09  and  1909-10,  and 
another  gap  of  a  few  days  duration  missing; 

Daily  computations  of  flow  for  the  rainy  sea- 
son at  the  Arroyo  Valle  damsite  from  1904- 
05  to  1907-08  and  from  January  1st  to  July  1st, 
1912; 

Daily  computations  of  flow  from  January  1st 
to  July  1st,  1912,  at  each  of  the  following  sta- 
■  tions : 

4  on  Arroyo  Valle 

2  on  Arroyo  Mocho 

2  on  Arroyo  Las  Positas 

2  on  Laguna  Creek 

1  at  San  Antonio  damsite. 

These  latter  stations  are  located  on  Plate 
B  36.  "Were  storage  facilities  adequate  in  the 
Sunol  Valley  to  regulate  the  flow  of  the  streams 
in  the  Alameda  System,  the  ascertainment  of  the 
safe  dependable  yield  from  that  system  based 
on  the  23  years'  continuous  record  of  stream 
flow  would  be  a  simple  matter. 


No  such  simple  regulation  exists,  however,  and 
it  is  necessary  to  regulate  the  flow  at  various 
points  within  the  drainage  area,  viz.,  at  the  three 
surface  storage  reservoirs,  Calaveras,  San  An- 
tonio and  Arroyo  Valle,  and  at  the  two  under- 
ground storage  reservoirs,  at  Livermore  Valley 
and  Sunol  Valley. 

The  flow  tributary  to  all  these  various  stor- 
age points  is  not  accurately  known  and  must 
be  estimated  from  such  data  as  is  available.  The 
data  includes  that  gathered  at  the  three  Penin- 
sula Reservoirs,  as  well  as  that — heretofore  men- 
tioned— gathered  in  the  Alameda  System. 

Flow  from  Each  Catchment  Area 
Estimated  for  the  Last 
63  Years. 

To  ascertain  the  run-off  from  each  of  the 
drainage  areas  for  each  year  of  the  63-year 
period,  recourse  was  had  to  the  use  of  run-off 
curves,  obtained  by  uniting  points  representing 
run-off  in  adopted  units  (in  this  case  the  units 
being  million  gallons  per  square  mile  per  sea- 
son) for  each  progressive  increase  in  rainfall. 

Since  the  run-off  from  any  drainage  area  de- 
pends upon  a  great  number  of  controlling  fac- 
tors, as  for  example  the  condition  of  the  sur- 
face upon  which  the  rain  falls,  temperature, 
wind,  vegetation,  degree  of  evaporation,  etc., 
total  precipitation  is  never  fully  realized  in  run- 
off. The  ideal  run-off  curve  should  include  all 
these  factors,  and  should  consider  as  well  the 
very  important  element  of  rainfall  distribution, 
in  order  to  determine  the  true  relation  with  ref- 
erence to  complete  run-off. 

In  the  practical  consideration  of  run-off  it  is 
found  impossible  to  differentiate  all  the  methods 
of  rainfall  disposal. 

Evaporation,  wind  and  atmospheric  pressure 
varies  from  year  to  year.  Evaporation  also 
varies  with  different  classes  of  vegetation  and 
from  different  kinds  of  land  surface. 

Because  of  the  influence  of  these  factors  it  is 
also  impossible,  even  if  the  data  were  at  hand, 
to  determine  the  run-off  due  to  the  various  quan- 
tities, rates  and  intensities  of  rainfall. 

In  the  construction  of  the  run-off  curves  to 
apply  to  the  different  drainage  areas  in  the 
Alameda  System  from  1849-50  to  1889-90  (a 
period  of  40  years),  the  available  run-off  data 
during  the  23-year  period  from  1889-90  to  1911- 
12,  as  well  as  the  run-off  data  for  the  Calaveras 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


Creek  for  the  years  1874-75,  1875-76  and  1876- 
77  as  found  in  the  Municipal  Reports,  were  used. 

Average  Results  Used  Prior  to  Time 
of  Measurements  on  Alameda 
Creek. 

The  total  run-off  in  each  drainage  area  was 
reduced  to  run-off  per  square  mile  and  plotted 
with  reference  to  the  estimated  mean  area  rain- 
fall over  the  corresponding  drainage  area. 
Curves  were  then  taken  representing  mean 
progressive  lines  of  run-off  for  progressive  in- 
creases in  depths  of  total  rainfall.  From  rain- 
fall and  run-off  data  at  hand,  and  from  obser- 
vations of  the  topographical  features  of  the 
Alameda  System  it  would  appear  that  in  the 
beginning  of  the  rainy  season  the  first  five 
inches  of  normal  rain  would  produce  no  run-off 
at  Calaveras,  and  that  no  run-off  would  be  pro- 
duced from  the  Upper  Alameda,  San  Antonio, 
Sunol  Drainage,  Arroyo  Valle  and  Livermore 
Drainage,  until  after  6  inches,  8  inches,  8  inches, 
8  inches  and  10  inches,  respectively,  of  normal 
rainfall  had  fallen  upon  these  various  drainage 
areas. 

These  points  were  taken  as  starting  at  the  lower 
end  of  the  run-off  curve  for  each  drainage  area. 
The  run-off  curves  thus  constructed,  together 
with  points  used,  are  plotted  on  Plate  B-1.  These 
two  curves  "A"  and  "B",  respectively,  repre- 
sent the  mean  run-off  curves  for  Calaveras  and 
Arroyo  Valle  drainage  areas. 

Upon  carefully  considering  the  normal  rain- 
fall, characteristics  of  drainage  areas,  and  the 
probable  quantity  of  rainfall  lost  before  run-off 
begins  on  the  various  areas,  judgment  dictated 
the  use  of  curves  of  the  same  shape  as  curves 
"A"  and  "B",  but  starting  with  greater  loss 
in  rainfall  before  run-off  begins  as  noted  above. 

Thus  the  run-off  curve  adopted  for  Upper 
Alameda,  San  Antonio  and  Sunol  drainage  is 
the  same  as  the  Calaveras  curve,  but  started  at 
6  inches,  8  inches  and  8  inches  for  each  of  the 
respective  drainage  areas,  instead  of  at  5  inches 
for  the  Calaveras  curve ;  and  the  Arroyo  Valle 
curve  (Curve  "B"  on  Plate  B-1)  was  used  for 
the  Livermore  Drainage  with  the  exception  that 
it  was  started  at  10  inches  instead  of  at  8 
inches.  The  curves  thus  constructed  for  the 
various  drainage  areas  are  plotted  on  Plates 
B  2,  3  and  4. 

By  applying  the  mean  area  rainfall  for  each 


drainage  area  for  each  year  of  the  40-year  period 
1849-50  to  1888-89  to  the  run-off  curve  adopted 
for  each  drainage  area,  the  probable  annual  dis- 
charge from  that  area  was  determined. 

The  quantities  so  obtained  are  summarized  as 
follows : 

PROBABLE    ANNUAL    RUN-OFF    IN    M.    G.    FOR 
EACH  SEASON  NAMED  FROM: 


Upper 

Liver- 

Cala- 

Ala- 

San An 

,- 

Arroyo 

more 

veras. 

meda. 

tonlo. 

Sunol. 

Valle. 

Dr. 

iSq.  Miles.     98.3 

35.32 

38.70 

49.08 

140.80 

258.34 

Season 

1849-50. 

.41,244 

10,772 

9,076 

10,796 

27,388 

32,035 

1850-51. 

.   1,179 

71 

19 

0 

70 

0 

1851-52. 

.13,860 

2,895 

2,244 

2,601 

6,055 

5,426 

1852-53. 

.40,890 

12,200 

10,256 

12,270 

31,190 

37,200 

1853-54. 

.22,510 

5,470 

4,412 

5,202 

12,532 

13,175 

1854-55. 

.22,312 

5,430 

4,373 

5,154 

12,390 

12,660 

1855-56. 

.18,283 

4,351 

3,464 

4,024 

9,505 

9,559 

1856-57. 

.15,334 

3,532 

2,767 

3,190 

7,350 

7,233 

1857-58. 

.18,578 

4,450 

3,522 

4,073 

9,768 

9,817 

1858-59. 

.19,364 

4,660 

3,715 

4,319 

10,915 

10,330 

1859-60. 

.19,462 

4,680 

3,715 

4,368 

10,279 

10,590 

1860-61. 

.14,941 

3,421 

2,670 

3,092 

7,252 

6,975 

1861-62. 

.71,950 

20,680 

17,918 

21,790 

58,085 

74,400 

1862-63. 

.   6,389 

1,183 

909 

1,031 

6,899 

1,290 

1863-64. 

.   2,949 

371 

271 

294 

493 

0 

18G4-65. 

.24,082 

5,950 

4,799 

5,693 

13,728 

14,210 

1865-66. 

.20,641 

5,010 

3,986 

4,711 

11,194 

11,370 

lSOB-67. 

.45,120 

11,900 

10,042 

12,023 

30,556 

36,431) 

18G7-G8. 

.53,380 

14,300 

12,229 

14,720 

37,878 

46.240 

1868-69. 

.17,890 

4,190 

3,328 

3,877 

9,151 

9,300 

1869-70. 

.14,352 

3,248 

2,554 

2,944 

6,758 

6,458 

1870-71 . 

.   6,881 

1,308 

987 

1,129 

2,323 

1,292 

1871-72. 

.35,975 

9,049 

7,547 

8,932 

20,699 

25,834 

1872-73. 

.   8,843 

1,801 

1,471 

1,865 

3,309 

2,583 

1873-74. 

.24,082 

5,951 

4,644 

5,202 

9,927 

14,210 

1874-75. 

.    6,291 

1,254 

929 

1,080 

2,873 

1,292 

1875-76. 

.37,255 

11,656 

8,650 

8,540 

25,909 

31,260 

1876-77. 

.   1,867 

424 

193 

74 

634 

1877-78. 

.27,031 

5,952 

5,148 

6,626 

14,009 

15,240 

1878-79. 

.16,022 

2,755 

2,380 

3,092 

4,407 

5,425 

1879-80. 

.18,872 

5,369 

3,909 

4,024 

11,617 

11,370 

1880-81. 

.15,728 

4,203 

3,212 

3,582 

10,068 

8,783 

1881-82. 

.15,531 

3,108 

2,302 

2,502 

5,632 

5,425 

1882-83. 

.20,446 

2,755 

2,438 

3,239 

6,266 

4,909 

1883-84. 

.49,740 

9,995 

8,746 

11,042 

25,557 

28,160 

1884-85. 

.24,770 

2,155 

2,148 

3,239 

4,435 

3,617 

1885-86. 

.23,789 

7,206 

5,612 

6,184 

14,856 

18,340 

1886-87. 

.10,420 

1,925 

1,548 

1,865 

3,777 

2,842 

1887-88. 

.15,335 

2,720 

2,206 

2,650 

5,843 

4,909 

1888-89. 

.   9,633 

2,296 

2,051 

2,944 

6,477 

3,100 

It  must  be  noted  that  these  quantities  are  only 
average  quantities  produced  by  seasonal  amounts 
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THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


of  rainfall,  and  entirely  disregard  the  influence 
upon  the  run-off,  of  factors  such  as  rates  and  in- 
tensities of  rainfall,  evaporation,  etc.,  noted 
above. 

It  is  believed,  however,  that  the  results  are 
invaluable  in  that  they,  indicate  in  a  long  series 
of  years  the  frequency  of  maximum  and  mini- 
mum run-off,  their  departure  from  the  normal, 
and  what  is  perhaps  more  important,  the  longest 
continued  cycle  of  dry  years. 

As  will  be  shown  later  from  mass  diagrams 
of  these  results,  ccnpared  with  mass  dia- 
grams of  results  of  i  un-off  from  each  of  the 
drainage  areas  during  the  23-year  period  from 
1889-90  to  1911-12,  no  greater  period  of  drought 
existed  in  the  63  years  than  that  which  occurred 
in  the  latter  23  years  (  f  that  period. 

More  Accurate  Results  Obtained 
for  23  Years  of  Alameda 
Measurements  by  Grouping 
Years. 

In  constructing  the  run-off  curves  to  apply  to 
the  various  drainage  areas  during  the  23-year 
period  from  1889-90  to  1911-12,  more  data  was 
available  in  the  shape  of  run-off  records  making 
it  possible  to  characterize  certain  years  as  nor- 
mal or  abnormal  in  run-off. 

In  plotting  the  run-off  in  inches  for  the  en- 
tire Alameda  System  resulting  from  practically 
similar  rainfalls  it  was  noted  that  the  season 
1911-12  was  more  productive  of  run-off  due  to 
small  rainfall  (11"  to  12")  than  was  the  year 
1897-98,  and  that  for  years  of  rainfall  slightly 
above  normal  (about  25"),  the  rainfall  during 
the  season  of  1910-11  produced  over  twice  the 
quantity  which  was  produced  by  the  same  pre- 
cipitation in  the  season  1900-01.  In  continuing 
these  comparisons  of  run-off  at  Niles  and  Sunol 
Dams,  Calaveras,  Arroyo  Valle  and  the  Penin- 
sula, it  was  found  practical  in  the  23-year  Niles 
and  Sunol  records,  by  the  use  of  5  lines  or  curves 
to  classify  certain  years  with  respect  to  their 
productivity  as  affected  by  normal  and  abnormal 
run-off  conditions. 

The  run-off  at  Calaveras  for  the  12  seasons, 
and  at  Arroyo  Valle  for  the  5  seasons,  when 
plotted  assumed  practically  the  same  relation 
with  respect  to  years  as  did  the  Niles  and  Sunol 
records,  thus  clearly  indicating  the  propriety  of 
characterizing  the  various  years  as  normal  or 


abnormal  in  run-off  due  to  the  rainfall  and  of 
making  5  different  classifications  of  years  as  in 
the  ease  of  the  entire  Alameda  System.  To  com- 
plete the  23-year  record  at  Calaveras  and  Arroyo 
Valle  from  the  five  curves  deduced  for  each, 
the  year  whose  run-off  was  desired  was  given  a 
position  corresponding  to  one  of  the  five  curves 
at  Calaveras  and  at  Arroyo  Valle  as  that  year 
occupied  with  reference  to  the  5  curves  of  the 
entire  Alameda  System.     (Plate  B  7.) 

As  has  been  noted  above  the  run-off  curves  for 
Upper  Alameda,  San  Antonio  and  Sunol  drain- 
age conform  in  appearance  ^to  the  Calaveras 
curve  but  were  started  later  with  respect  to  total 
rainfall;  and  that  to  Livermore  drainage  was 
applied  a  similar  form  of  run-off  curve  to  that 
applied  to  Arroyo  Valle,  but  with  greater  loss  of 
rain  before  starting  run-Off.  Thus  owing  to  the 
fact  that  run-off  does  not  start  in  the  Upper 
Alameda  until  after  6  inches  of  normal  rain  has 
fallen,  that  San  Antonio  does  not  start  run-off 
until  after  8  inches  of  normal  rain  has  fallen 
and  that  Sunol  Drainage  run-off  does  not  com- 
mence until  after  8  inches  of  normal  rain  has 
fallen,  the  five  curves  of  Calaveras  have  been 
shifted  horizontally  one  inch,  three  inches  and 
three  inches  respectively  to  meet  the  conditions 
of  run-off  of  Upper  Alameda,  San  Antonio  and 
Sunol  Drainage. 

In  like  manner  the  5  curves  of  the  Arroyo 
Valle  have  been  shifted  horizontally  two  inches 
to  meet  the  conditions  of  run-off  from  the  Liver- 
more  Drainage,  where  10  inches  of  normal  rain- 
fall occurs  without  producing  run-off.  It  is  to 
be  noted  that  the  middle  or  approximate  mean 
line  of  the  5  curves  used  in  the  23-year  period 
1889-90  to  1911-12  for  each  of  the  drainage  areas 
is  identical  with  the  single  curves  (Plates  B  1,  2, 
3  and  4)  used  for  the  40-year  period  1849-50  to 
1888-89  for  each  of  the  corresponding  drainage 
areas. 

The  5  curves  adopted  for  each  drainage  area 
are  plotted  on  Plates  B  5  and  6. 

By  applying  the  estimated  area  rainfall  for 
each  year  to  the  proper  curve  there  is  obtained 
the  total  quantity  of  run-off  for  each  drainage 
area  for  each  year  of  the  23-year  period  from 
1889-90  to  1911-12. 

The  quantities  so  obtained  are  summarized  as 
follows : 


PROBABLE    ANNUAL    RUN-OFF    IN    M.    G.    FOR 
EACH  SEASON  NAMED  PROM: 


tipper 

Hiver- 

Cala- 

Ala- 

■San An 

Arroyo 

more 

veras. 

meda. 

toniO'. 

Sunol. 

Valle. 

Dr. 

Sq.  Miles.     98.3 

35.32 

38.70 

49.08 

140.80 

258.34 

Season 

1889-90. 

.46,180 

15,960 

13,960 

17,700 

36,700 

47,150 

1890-91. 

.15,900 

4,145 

2,187 

2,900 

11,624 

10,115 

1891-92. 

.14,530 

4,298 

2,187 

2,346 

4,894 

4,945 

1892-93. 

.36,760 

11,970 

8,210 

8,743 

32,300 

20,600 

1893-94. 

.26,850 

7,675 

4,879 

4,692 

14,070 

10,115 

1894-95. 

.29,930 

10,740 

7,066 

7,464 

19,088 

19,104 

1895-96. 

.18,380 

5,219 

2,860 

3,199 

9,789 

10,115 

1896-97. 

.25,220 

8,350 

5,216 

5,544 

15,900 

20,200 

1897-98. 

.   3,250 

737 

202 

426 

734 

1898-99. 

*13,720 

3,623 

2,692 

2,985 

4,160 

4,495 

1899-00. 

*14,560 

3,684 

2,524 

2,388 

2,447 

3,367 

1900-01. 

*20,531 

6,601 

5,048 

6,653 

8,565 

6,293 

1901-02. 

*13,391 

3,530 

2,524 

2,559 

8,076 

5,619 

1902-03. 

*15,471 

4,144 

2,557 

2,772 

11,745 

11,237 

1903-04. 

*19,380 

5,219 

3,230 

4,435 

8,565 

8,990 

1904-05. 

*14,902 

4,973 

3,701 

3,583 

*4,247 

6,743 

1905-06. 

*26,962 

6,140 

5,034 

6,653 

*16,881 

22,474 

1906-07. 

*37,146 

9,579 

8,211 

10,670 

*31,793 

43,600 

1907-08. 

.*9,203 

2,149 

1,682 

1,919 

*3,372 

4,495 

1908-09. 

.29,920 

8,719 

5,889 

7,677 

17,130 

20,210 

1909-10. 

.12,990 

3,377 

2,860 

2,985 

7,340 

8,540 

1910-11. 

*29,700 

9,364 

8,413 

12,539 

23,982 

25,620 

1911-12. 

.*5.554 

1,382 

1,346 

1,962 

*970 

*  Actual  Gagings. 
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DISCHARGE  OVER  SUNOL  AND  NILES  DAMS. 


BY 

F.  C.  Herrmann, 
Chief  Engineer,  Spring  Valley  Water  Company. 


Records  of  the  depth  of  water  over  the  Niles 
Dam  have  been  kept  by  the  Spring  Valley  Water 
Company  from  November,  1889,  to  October,  1900, 
and  over  the  Sunol  Dam  from  October,  1900,  to 
the  present  time.  From  these  records  computa- 
tion of  the  voliime  of  run-off  water  at  these  dams 
has  been  made  by  applying  a  weir  formula  of 
the  ordinary  Francis  type,  the  units  used  being 
in  inches  for  linear  dimensions,  and  gallons  per 
day  for  rate  of  flow,  thus : 


for  Niles  Q=: 
for  Sunol  Q= 


=4200  bh^''^ 
=4400  bh'/2 


These  formulae  do  not  take  into  consideration 
either  the  impulse  of  the  water  due  to  its 
velocity  as  it  approaches  the  weir,  the  retarding 
effect  of  submergence  below  the  weir,  nor  the 
shape  of  the  weir  crest.  No  measurements  have 
been  made  to  determine  the  effect  of  these 
factors,  it  being  assumed  that  in  the  aggregate 
they  offset  one  another. 

Neither  of  the  dams  is  ideal  for  measuring  the 
flow  of  water,  and  the  great  number  of  irreg- 
ularities entering  into  the  problem  make  it 
very  complex.  The  method  by  which  gage  rod 
readings  have  been  taken  adds  further  to  its  com- 
plexity. At  the  Niles  Dam  the  readings,  except 
for  low  water  flow,  have  been  taken  at  the  fore- 
baj^,  which  is  well  below  the  crest  of  the  dam.  At 
the  Sunol  Dam  the  readings  for  other  than  low 
water  flow  have  been  taken  at  a  series  of  points, 
which  progress  upstream  from  the  crest  of  the 
dam  as  the  stage  of  the  water  increases  to  a  cer- 
tain depth,  after  which  the  measurements  were 
taken  just  above  the  crest.    All  rod  readings  for 


both  dams  are  well  within  the  curve  of  water  sur- 
face as  it  falls  over  the  dam. 

Results  of  experiments  on  various  types  of 
dams  of  irregular  cross-section  have  been  pub- 
lished, which  show  coefficients  that  vary  between 
wide  limits  for  the  different  types  considered.  A 
study  of  these  results  impresses  one  with  the  fact 
that  large  variation  in  the  coefficient  exists  for 
comparatively  insigniflcant  changes  in  cross- 
section  of  the  dam.  None  of  the  types  of  which 
we  have  published  experimental  results  are  ident- 
ical with  either  the  Niles  or  the  Sunol  Dam  in 
cross-section.  Theoretical  solution  of  the  flow 
over  these  dams  must,  therefore,  be  built  up  as  a 
modification  of  some  standard  weir  formula, 
changing  it  by  combining  the  effects  of  the  var- 
ious irregularities  as  expressed  in  published  ex- 
perimental data,  with  weirs  containing  one  or 
more  of  these  irregularities,  together  with  com- 
putations of  the  forces  due  to  accelerations  from 
irregularities  not  expressed  by  these  experi- 
m_ental  data. 

As  noted  above,  for  some  stages  of  flow  the 
Niles  and  Sunol  Dams  must  be  considered  as 
submerged  weirs.  Standard  formulae  for  weirs 
are  unreliable  when  the  difference  in  elevation  of 
the  water  above  and  below  the  weir,  or  the  af- 
flux, is  less  than  35%  to  50  7o  of  the  depth  of 
water  over  the  weir. 

Accurate  Results  Determined  by 

Experiments  With  Model  Dams. 

From  the  foregoing  it  is  seen  that  theoretical 
solution,  unsupported  by  the  proper  experimental 
data,  will  be  clothed  with  uncertainty.    Bv  rea- 


356 


EXPERIMENTS  MADE  WITH  MODEL  WEIRS. 


357 


son  of  this,  the  services  of  Prof.  J.  N.  Le  Conte, 
of  the  University  of  California,  were  secured  for 
the  purpose  of  making  the  necessary  experiments 
to  determine  the  proper  discharge  curves  for  the 
two  dams  under  the  conditions  of  gage  rod  read- 
ings which  obtained  when  they  were  made. 

Prof  Le  Conte  has  made  a  special  study  of 
hydraulics  and  is  in  charge  of  the  work  in  hydro- 
dynamics and  higher  hydraulics  at  the  Univer- 
sity of  California,  and  is  an  authority  on  that 
subject. 

Prof.  Le  Conte  elected  to  make  a  series  of  ex- 
periments with  models  of  the  Niles  and  Sunol 
Dams.  These  models,  together  with  the  stream 
beds  above  them,  were  exact  miniature  counter- 
parts of  the  structures  as  they  existed  during 
the  times  of  stream  flow  obesrvations.  Results 
obtained  from  these  models  were  expanded  by 
the  laws  of  hydrodynamics  to  apply  to  the  dams 
themselves,  and  discharge  carves  were  computed 
therefrom  which  are  true  for  these  dams,  under 
the  method  of  measurement  which  obtained 
during  the  period  of  the  records. 

For  ordinary  and  high-water  flows  the  results 
obtained  by  Prof.  Le  Conte  are  rmich  more  re- 


liable than  those  obtained  without  experimental 
data  of  this  sort.  For  very  low  flow,  published 
experimental  data  is  available,  upon  which 
theoretical  deductions  may  be  made. 

After  Prof.  Le  Conte  submitted  his  report 
there  were  made,  under  my  direction,  by  T.  W. 
Espy,  several  theoretical  deductions  by  recog- 
niz-ed  weir  and  stream  formulae  of  the  dis- 
charge over  Sunol  Dam  with  the  -water  at  its 
highest  recorded  stage,  which  occurred  in 
March,  1911,  and  of  which  the  records  are 
guides. 

These  theoretical  solutions  were  made  for  a 
comparison  with  Prof.  Le  Conte 's  results  and 
are  incorporated  in  this  appendix,  together  with 
Prof.  Le  Conte 's  report  in  full. 

The  following  summary  of  the  discharge  of 
Alameda  Creek  at  its  highest  gaged  quantity,  in 
March,  1911,  shows  a  substantial  check  of  the 
results  obtained  by  Prof.  Le  Conte 's  experiment, 
indicating  that,  if  anything,  his  results  give 
smaller  quantities  than  actuall.y  occurred: 

C.  F.  S.  M.  G.  D. 

Le  Conte 28,800  18,600 

Kutter 30,900  19,900 

Bligh     31,000  20,000 

Molitor    26,700  17,300 


METHOD  OF  TESTING  MODELS  OF  THE  SUNOL 

AND  NILES  DAMS 


BT 


Pbof.  J.  N.  Le  Conte. 


Mr.  F.   C.  Herrmann,  Chief  Engineer,   Spring     large  dams.    This  section  may  have  been  different 


Valley  "Water  Company,  San  Francisco,  Cal. 
San  Francisco,  Cal.,  June  22,  1912. 

Sir — I  submit  the  following  report  on  the 
methods  of  testing  the  small  models  of  the  Sunol 
and  Niles  Dams,  and  on  the  method  of  applying 
the  results  of  said  tests  to  the  large  dams  in 
place. 

The  object  of  the  tests  was  to  determine  with 
such  data  as  was  obtainable  the  rate  of  flow  over 
the  large  dams  in  terms  of  the  gage  readings, 
or  in  other  words  to  determine  an  approximate 
rating  curve  for  each  of  these  dams.  The 
dams  are  irregular  in  profile,  causing  the 
stream  to  assume  different  cross-sections  at 
various  heights.  The  location  of  the  gages 
was  not  in  midstream  and  beyond  the  influ- 
ence of  the  surface  curve,  but  in  the  case  of 
the  Sunol  Dam  was  on  the  wingwall  of  the  north 
bank,  and  in  the  case  of  the  Niles  on  the  up- 
stream face  of  the  intake  tower.  Both  of  these 
positions  are  well  within  the  surface  curve.  Fur- 
thermore, at  times  of  high  and  moderately  high 
water  the  dams  discharged  against  a  submerged 
head,  and  no  record  has  been  kept  of  the  amount 
of  this  submergence  corresponding  to  different 
gage  heads. 

These  various  complex  conditions  make  the 
computation  of  the  discharge  curve  difficult,  and 
therefore  it  was  suggested  that  tests  on  models 
of  these  dams  be  made,  and  the  results  extended 
so  as  to  apply  to  the  large  dams. 

Conditions  for  Experiments. 

The  models  were  constructed  of  wood.  The 
Sunol  model  was  exactly  1/20  the  size  of  the 
large  dam  in  every  dimension.  The  Niles  was 
aboat  1/19  the  size  of  the  dam.  The  upstream 
channel  was  made  of  cross-section  similar  to  the 
present  cross-section  of  the  stream  bed  above  the 


at  times  of  high  water,  but  no  better  data  are 
obtainable.  The  stakes  and  other  bench  marks 
from  which  gagings  were  made  were  located  in 
their  proper  relative  positions.  In  addition  to 
this  a  hook  gage  reading  to  0.001  of  a  foot  was 
located  in  midstream  5  feet  above  the  crest  of  the 
model,  and  the  main  upstream  head  was  taken 
with  this.  A  2"  x  6"  timber  was  placed  across 
the  channel  5  feet  downstream  from  the  crest, 
and  this  furnished  a  bench  mark  from  which  the 
downstream  head  and  hence  the  submergence 
could  be  measured.  Baffle  boards  about  40  feet 
downstream  served  as  a  means  of  varying  the 
submergence  through  any  required  range.  The 
flow  over  the  models  was  measured  by  means  of 
two  sharp-edged  fully  contracted  weirs,  the  weir 
box  being  amply  large  to  eliminate  the  effects  of 
velocity  of  approach.  The  head  on  the  weirs 
was  taken  on  a  standard  hook  gage  reading  to 
0.001  of  a  foot. 

The  testing  box  was  located  on  San  Mateo 
Creek,  and  was  fed  by  water  from  the  flume  lead- 
ing from  the  first  Pilarcitos  tunnel.  Main  ad- 
justment of  the  supply  was  effected  by  operating 
the  gates  at  Lake  Pilarcitos.  Closer  adjustment 
was  obtained  by  wasting  water  above  the  weir 
box  into  San  Mateo  Creek. 

Sunol  Model  Dam  Experiments. 

The  test  on  the  Sunol  model  was  made  on  June 
13,  1912.  The  hook  gages  were  leveled  with  ref- 
erence to  the  dam  and  weir  crests  with  an  engi- 
neer's level,  and  all  bench  marks  leveled  in  a 
similar  way.  The  Pilarcitos  gate  was  opened 
about  3  feet,  which  corresponded  on  the  model  to 
high  water.  The  hook  gage  on  the  weir  was  set 
and  read.  All  baffle  boards  were  removed  so  that 
tlie  discharging  vein  made  a  clear  overfall.  The 
hook  gage  above  the  dam  was  set  and  read  (h). 
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With  an  ordinary  rule  the  position  at  the  surface 
of  the  gaging  point  was  then  noted  (g).  Then 
the  position  of  the  drownstream  surface  was 
taken  with  a  rule,  giving  the  downstream  head 
(h^).  Owing  to  the  disturbed  condition  of  this 
surface  no  more  accurate  method  of  measuring 
was  necessary. 

Allowing  the  same  quantity  to  flow  over  the 
model,  baffle  boards  were  inserted  below  so  as 
to  raise  the  downstream  surface,  and  the  above 
described  measurements  were  repeated.  Then 
more  baffles  were  put  in,  and  so  on  till  5  to  7 
complete  sets  of  measurements  had  been  made 

h-hi 
on  one  rate  of  flow,  or  till  the  ratio  —  dropped 

h 
to  about  2/10  or  less. 

The  waste  gate  above  the  weir  box  was  then 
opened  a  small  amount,  allowing  less  water  to 
pass  over  the  weirs  and  to  the  model.  After 
conditions  became  steady,  the  entire  set  of  meas- 
urements was  repeated,  starting  with  a  clear 
overfall.  This  method  was  followed  till  the  quan- 
tity was  reduced  to  as  small  an  amount  as  the  30" 
weirs  could  handle. 

Niles  Model  Dam  Experiments. 

The  test  on  the  Niles  model  was  made  on 
June  16,  1912,  and  was  identical  with  that  made 
on  the  Sunol  model,  with  the  exception  of  the 
measurements  at  the  gage  points  (g).  In  the 
latter  instance  five  measurements  were  made  at 
different  points  around  the  gate  tower. 

The  discharge  curves  for  the  models  were  first 
computed.  The  fiow  over  the  sharp  edged  weirs 
were  computed  by  means  of  the  standard  for- 
mula 

Q=c  2/3V2g  b  h  '" 
the  coefficient  "c"  being  taken  from  Hamilton 
Smith's  tables  for  contracted  weirs. 

For  each  complete  set  of  measurements,  that 
is,  for  each  single  value  of  Q,  a  curve  was  plotted 

h-hi 
showing  the  relation  between    — ,    which  may 

h 
be  called  the  "submergence  ratio,"  and  h,  the 
upstream  center  head.  These  curves  are  shown 
on  plates  C  la,  C  lb,  C  Ic  for  the  Sunol  model, 
-and  plates  C  5a,  C  5b  and  C  5c  for  the  Niles 
model.  One  fact  is  clearly  seen  from  this  set 
of  curves,  namely,  that  "h"  is  constant, 
or  is  unaffected  for  all  ratios  of  submersion 
down  to  about  6/10  or  i/o.  It  may  be 
stated  that  the  effect  of  back  water  down 
to  ratios  of  submergence  of  %  is  so 
slight  as  to  be  practically  negligible  on  both 
models.  In  these  tests  with  a  given  upstream 
head  h,  the  quantity  fiowing  over  is  practically 


the  same  for  a  submersion  ratio  of  %  as  it  is  for 

h-hi 
a  free  overfall.     As  the  ratio    —    is  reduced 

h 
below  1/2,  the  upstream  head  h  begins  to  rise, 
at  first  slowly,  and  then  more  rapidly;  the  con- 

h-hi 
dition  —  :=0  being  manifestly  impossible. 
h 
Next  the  discharge  curves  for  the  models 
were  plotted.  These  are  shown  in  plate  C  2  for 
the  Sunol,  and  plate  C  6  for  the  Niles  models. 
They  give  the  discharge  over  the  models  in 
second  feet  in  terms  of  the  midstream  hook 
gage  head  5  feet  upstream.  The  lowest  curve 
is  for  a  submersion  ratio  of  5/10,  and  this  curve 
also  corresponds  to  all  larger  ratios  including 
free  overfall.  The  next  curve  above  is  for  a 
ratio  of  4/10,  etc.  These  are  rating  curves, 
exactly  as  measured,  and  bear  no  relation  to 
any  discharge  formula.  All  effect  sof  velocity 
of  approach  and  of  variable  cross-section  of  the 
escaping  stream  are  included  in  them. 

Application  of  Experimental 
Results. 

So  far  the  problem  is  merely  one  of  measure- 
ment or  calibration  of  the  models.  The  exten- 
sion of  these  results  to  the  large  dams,  however, 
it  is  a  matter  of  theoretical  investigation  purely. 
Apparently  the  required  result  can  be  obtained 
by  the  following  method  of  procedure. 

The  point  given  by  the  great  flood  of  1911  can 
be  located  at  A  and  B  on  a  reduced  scale  of  heads 
but  for  identical  submersion  on  plates  C  2  and 
C  6,  and  similar  probable  discharge  curves  for 
the  models  can  be  drawn.  These  would  repre- 
sent the  discharge  over  the  models  if  operating 
under  a  varying  submersion  in  exactly  the  saine 
way  that  the  large  dams  operate.  Then  by  the 
use  of  standard  submerged  weir  formulae,  the 
scale  of  these  last  curves  can  be  extended  to  that 
of  the  large  dam. 

The  standard  formula  for  the  free  overfall  is 
Q=c  b  h^^\ 

If  hv  is  the  head  corresponding  to  the  velocity 
head  of  approach 

Q=cb   [(h+h03/2— h//2].  .   ~    — 

For  a  submerged  weir, 

Q==c''h//Mh ) 

A*-  3  -" 

where  h,  is  the  difference  in  level  between  the 
upstream  and  downstream  heads,  or  h-h^. 

Finally,  if  velocity  of  approach  is  taken  into 
accoimt, 

Q=cb  [(h+h,)  (h,+h,)^/^— 1/3  (h,+h,)^/^ 
—2/3  hv^'=] 

Now,  if  a  weir  or  dam  is  extended  in  linear 
dimensions  n  times  in  each  direction 


b'=nb,    h'=nh. 


^nh,,   and  hv'=nhv. 
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This  latter,  though  slightly  approximate,  may 
be  seen  as  follows :  The  flow  over  a  dam  varies 
as  the  3/2  power  of  the  head  and  directly  as  the 
breadth,  or  as  the  5/2  power  of  the  linear  dimen- 
sion n.  But  the  cross-section  of  the  channel 
varies  as  the  square  of  n,  hence  the  velocity  of 

Q 

approach  or  —  varies  as  n^/-/n^=n^/^,  and  the 

a 
square  of  the  velocity  of  approach  varies  directly 
as  n. 

Hence,  substituting  in  the  above  formula  for 
the  submerged  weir,  we  have 

Q'=cnb  [n(h+hv)ni/2(h^-j_h0''"  —  l/Sn^'/^ 
(h,+hv)  =''''— 2/3  n^/=h^='/=]=Q  n^/^- 
Hence  in  order  to  exaggerate  the  probable  dis- 
charge curve  of  the  small  dam  to  such  a  scale  as 
to  represent  the  flow  over  the  large  dam,  we  must 
multiply  the  heads  h  by  n  and  the  discharge  Q 
by  n^'^. 

In  a  dam  like  the  Niles,  we  have  two  separate 
portions,  a  rectangular  notch  or  series  of  notches 
in  the  middle,  and  two  sloping  sides  which  to- 
gether form  a  triangular  notch.  The  flow  over 
such  a  combination  will  be 

Q=Cibih^''/2+C2b,h//2_| \-c.,kh./'^ 

and    since    b^'^nbi ;    b,'=nb, ;    lix'^nh^ ;    etc : 
Q'=Qn^/2_ 

The  same  will  be  true  if  velocity  of  approach 
is  taken  into  account.  It  will  be  observed  that 
this  method  requires  no  knowledge  of  the  coeffi- 
cient "c. "  This  is  taken  care  of  in  the  assumed 
discharge  curves  of  the  models  on  plates  C  1  and 
C  5. 

Now,  in  the  case  of  the  Sunol  model  n^20, 
n'''^=1789.  With  this  the  discharge  curve  on 
plate  C  4  is  computed.  In  the  case  of  the  Niles 
dam  n^l9,  n^'^=1574.  From  these  figures  the 
discharge  curve  on  plate  8  is  plotted. 

Finally  for  each  hook  gage  reading  on  the 
model,  we  have  a  surface  measurement  corre- 
sponding to  that  of  the  main  gage  on  the  dam. 
The  ratio  of  these  two  measurements  is  taken 
directly  from  plates  C  1  and  C  5,  where  the 
readings  are  plotted  along  the  short  cross  curves. 
The  discharge  curves  on  plates  C  4  and  C  8 
show  the  flow  over  the  dams  in  terms  of  the 
gage  heads.  This  final  curve  is  the  one  which 
should  be  used  in  computing  the  fiood  discharge 
of  the  creek  in  years  past. 

Tours  truly, 

J.  N.  LE  CONTE. 


June  10,  1912. 


S.  P.  Eastman,  Esq.,  Manager, 


San  Francisco,  Cal. 
Dear  Sir — Replying  to  your  inquiry  of  Satur- 
day, as  to  at  what  points  the  gagings  of  the 
overflow  of  the  water  at  Sunol  and  Niles  Dams 
were  taken,  will  advise  that  at  Sunol  the  gag- 
ings were  taken  from  the  top  of  the  concrete  at 
a  point  4  feet  north  of  the  fish  ladder.  When 
the  water  surface  was  above  the  top  of  the  con- 
crete at  this  point,  the  gagings  were  taken  from 
one  of  a  series  of  stakes  according  to  the  stage 
of  the  water.  These  stakes  were  located  as 
follows  : 


Stake   No.    1 — 1   foot   above 

and  8  feet  upstream. 
Stake   No.    2 — 2   feet   above 

and  12%   feet  upstream. 
Stake   No.   3 — 3   feet   above 

and  17  feet  upstream. 
Stake   No.    4 — 4   feet   above 

and  21%  feet  upstream. 
Stake   No.    5 — 5   feet   above 

and  26  feet  upstream. 
Stake   No.   6 — 6   feet   above 

and  30%  feet  upstream. 


top  of  concrete 

top  of   concrete 

top  of  concrete 

top  of  concrete 

top  of  concrete 

top  of  concrete 


For  all  depths  of  water  above  this  last  stake, 
measurements  were  taken  from  a  point  on  the 
top  of  the  concrete  wingwall  8  feet  upstream 
from  the  upstream  face  of  the  north  end  of  the 
dam. 

The  gagings  at  the  Niles  Dam  were  taken 
from  the  top  of  the  upstream  face  of  the  dam 
at  a  point  about  4  feet  north  of  the  fish-ladder. 
When  the  water  reached  this  height  the  gag- 
ings were  taken  from  the  top  of  the  concrete  2 
feet  upstream  from  the  inlet  to  the  aqueduct. 
When  the  water  reached  this  height  the  gagings 
were  taken  from  a  gage  painted  on  the  brick- 
work on  the  upstream  face  of  the  tower,  allow- 
ances being  made  for  the  height  caused  by  the 
current  of  the  water  striking  the  brickwork. 

The  information  regarding  the  Niles  Dam  I 
have  verified  by  old  employes. 

Very  truly  yours, 

W.  B.  LAWRENCE, 
Superintendent  Water  Division,  Spring 
Valley  Water  Company. 
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RESULTS  OP  PROF.  LE  CONTE'S  EXPERIMENTS  TO  DETERMINE  THE  PLOW  OVER  NILES  DAM. 
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THEORETICAL  SOLUTIONS-DISCHARGE  COMPUTED  BY 
STREAM  AND  WEIR  FORMULAE 


BY 

T.  W.  Espy, 

Assistant  Engineer,  Spring  Valley  "Water 

Company. 


During  the  flood  of  March,  1911,  gage  height 
records  kept  at  Sunol  Dam  show  a  depth  of 
14.1  feet  as  the  maximum  depth  over  the  crest 
of  the  dam.  A  few  days  after  the  flood  subsided 
a  survey  of  the  high  water  marks  was  made  for 
a  distance  of  over  a  mile  upstream  from  Sunol 
Dam.  A  profile  of  this  high  water  line  for  two 
thousand  feet  above  Simol  Dam,  together  with  a 
profile  of  the  same  high  water  below  the  dam, 
are  shown  on  Plate  C-13.  On  Plate  C-14  are 
shown  cross  sections  of  the  Alameda  Creek  chan- 
nel at  200-foot  intervals  above  and  below  Sunol 
Dam. 

During  this  flood  the  waters  overflowed  the 
banks  of  the  main  stream  channel  and  spread 
over  the  flat  on  the  east  side  just  above  the 
dam.  The  banks  on  either  side  of  the  main 
channel  are  lined  with  a  dense  growth  of  trees 
and  brush.  This  vegetation  extends  well  down 
into  the  main  portion  of  the  channel,  and  at  one 
time  extended  as  far  as  the  center,  where  the 
stumps  may  still  be  seen. 

Kutter  Formula. 

In  computing  the  maximum  discharge  of  this 
flood  by  the  Kutter  formula,  different  portions  of 
the  cross  section  are  governed  by  varying  coeffi- 
cients.   After  a  careful  inspection  of  the  channel 


on  the  ground  I  have  decided  to  divide  it  into 
three  portions  and  compute  each  separately : 

1.  The  area  on  either  bank  which  is  densly 
covered  with  trees,  consisting  of  a  strip  extend- 
ing from  the  foot  of  the  bank  slope  back  thirty 
feet  on  the  east  side  and  all  the  area  above  the 
foot  on  the  bank  slope  on  the  west  side.  In  com- 
puting the  discharge  for  this  portion  I  have 
assumed,  on  account  of  the  obstruction  of  trees 
and  vegetation,  that  only  one-half  the  area  was 
effective;  and  have  used  for  the  coefficient  of 
roughness  "n"  a  value  of  .045. 

2.  The  portion  overflowing  the  bank  on  the 
east  side  and  beyond  the  dense  tree  area,  I  have 
computed  with  "n"^.040. 

3.  The  remaining  area  or  main  channel  I  com- 
pute assuming  "n"^.035. 

The  tabulation  (Table  C  15)  shows  subdivi- 
sion of  the  ten  cross  sections  from  Station  20 
above  the  dam.  It  also  shows  the  wetted  peri- 
meter and  mean  hydraulic  radius  for  each  case. 
In  determining  the  wetted  perimeter  it  was 
assumed  that  each  of  the  four  sections  was  sep- 
arated from  the  other  by  a  wall. 

The  maximum  discharge  of  the  flood  of  March, 
1911,  when  the  water  was  14.6  feet  over  the  crest 
of  Sunol  Dam,  computed  by  the  Kutter  formula 
as  described  above  and  tabulated  (Table  C16), 
was  30,900  cubic  feet  per  second. 
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Oyerf/otV  Chonne/        \^n),MwnChanrMik  yVes^  Bank 


.^•^0^.-/4//  £^/eycf/'/on3.  Cryjhr/ \5flr/ngiS  Base 


Sf'afion    Area 
20+00      Z903 


18+00  3103 

16-f-OO  2587 

14+00  324-7 

/2+00  2973 

/O+OO  3316 

8+00  3516 

6+00  3020 

4+00  2958 

2+-00  3000 

1+00  2747 


Cross  rSechons  of y4/amec/a  Creek 
aboye  and  be/ot^ 

for  Storm  of  March  6<$7./9// 

Ph^e-C/4- 


AT  THE  HIGH  WATER  OP  MARCH,  1911,  MANY  CROSS-SECTIONS  OF  THE  STRAIGHT  CHANNEL  OF 

ALAMEDA    CREEK    ABOVE    SUNOL    DAM  WERE  SURVEYED.     COMPUTATION  FROM 

THESE   CHECK   PROF.   LE   CONTE'S   RESULTS. 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


Weir  Formula. 

By  utilizing  the  discharge  factors  found 
above,  we  may  compute  the  discharge  by  existing 
formulae  applicable  to  submerged  weirs  of  the 
type  of  Sunol  Dam.  The  formulae  which  I  have 
chosen  are  "Bligh's  Formula"  and  the  "Molitor 
Formula."  It  is  not  my  purpose  to  discuss  the 
merits  of  these  formulae,  but  I  take  them  as 
being  perhaps  a  more  thorough  solution  of  the 
problem  than  some  of  the  more  simple  formulae 
commonly  used. 

Bligh's  Formula. 

In  his  work  entitled  "The  Practical  Design  of 
Irrigation  Works,"  Mr.  G.  W.  Bligh,  M.  Inst.  C. 
E.,  formerly  Executive  Engineer  of  India  P.  W. 
Dept.,  in  discussing  weir  formulae  says  (see  page 
122)  : 

"Fig.  4  represents  a  submerged  or  drowned 
weir.  As  in  the  case  of  a  submerged  orifice, 
the  head  "H"  is  the  difference  in  level  of  the 


head  and  tail  water,  or  the  afflux.  The  depth 
of  the  film  is  termed  as  before,  d,  and  that 
of  the  submerged  portion  of  the  film  is 
(d-H)." 

"The  passing  film  thus  consists  of  two  por- 
tions, the  upper  having  a  free  overfall  and 


the  lower  being  what  can  possibly  be  consid- 
ered as  a  submerged  orifice,  but  without  any 
top  contraction.  There  can,  likewise,  be  no 
bottom  contraction  or  friction  in  the  upper 
portion.     Some  authorities,  as  Jackson,  cal- 


TABLE    C15. 

SUBDIVISION  OF  CROSS-SECTIONAL  AREA  OF  ALAMEDA  CREEK  FLOOD  WATERS  ABOVE  SUNOL  IN 

MARCH,    1911. 


Sta- 
tion. 

20 

Total 
area. 

2,903 

Area 

west  banli 

covered 

with 

trees. 

144 

Area 
east  banli 
covered 
with     I 
trees. 
408 

:       Bast  and  west  banks 
covered  with  trees. 
3ne-half      W.  P.               R. 
area. 
276          105            2.63 

Overflow  channel. 
Area.        W.  P.             R. 

488           100          4.88 

Main  channel. 
Area.         W>.  P. 

1,863          130 

R. 
14.3 

18 

3,103 

200 

372 

286 

106 

2.70 

516 

120 

4.30 

2,015 

128 

15.7 

16 

2,587 

176 

310 

243 

96 

2.53 

227 

86 

2.64 

1,874 

138 

13.6 

14 

3,247 

378 

346 

362 

118 

3.07 

292 

92 

3.17 

2,231 

155 

14.4 

12 

2,979 

274 

360 

317 

110 

2.88 

400 

133 

3.00 

1,945 

138 

14.1 

10 

3,316 

284 

400 

342 

106 

3.23 

797 

172 

4.64 

1,835 

138 

13.3 

8 

3,516 

240 

390 

315 

111 

2.83 

931 

176 

5.30 

1,955 

128 

15.2 

6 

3,020 

140 

340 

240 

92 

2.61 

728 

162 

4.50 

1,812 

126 

14.4 

4 

2,958 

120 

408 

264 

103 

2.56 

512 

162 

3.16 

1,918 

130 

14.7 

2 

3,000 

120 

422 

271 

2,916 

292 

104 

2.60 

612 

5,503 

550 

148 

4.13 

39.72 

3.97 

1,846 

19,294 

1,929 

136 

13.6 

27.66 

143.3 

2.77 

14.3 

Note. — One  hundred  foot  stations  with  Station  0  -f  00  at  Sunol  Dam. 


TABLE    C16. 


COMPUTATION    BY    KUTTBR'S    FORMULA    OF   MAXIMUM    PLOW 

SUNOL    DAM    IN    MARCH,  1911. 


Obstructed  channel. 
1/-.  area=292  sq.  ft. 
R=2.77;  VR=l-66; 
S=0.003;  VS=0.0548; 
n=0.045 ;  c=38.8 ; 
V=eVRS=3.53  ft.  per  sec. 
Q=AV^1,031  cu.  ft.  per  sec. 


Overflow  channel. 
Area=550  sq.  ft. 
Ii=3.97;  VR=1.99; 
S=0.003;  VS=0.0548; 
n=0.040;  c=47.4; 
V=cVRS=5.17  per  sec. 
Q=AV=2,843  cu.  ft.  per  sec. 


OF     ALAMEDA     CREEK     ABOVE 

Main  Channel. 
Area=1929  sq.  ft. 
R=14.3;   VR=3.78; 
S=0.003;  VS=0.0548; 
n=0.035;  0=67.6; 
V^cVBS=14  ft.  per  see. 
Q=AV=27,006  cu.  ft.  per  sec. 


Total  discharge  equals  30,880  cu.  ft.  per  sec. 


RECENT  CALIBRATIONS  VERIFY  MODEL  MEASUREMENTS. 
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culate  the  discharge  of  each  portion  with  two 
separate  values  of  c,  the  upper  by  formula 
(8),  and  the  lower  by  formula   (2)   or   (3). 

"It  is  clear,  however,  that  the  coefficient  for 
the  whole  film  must  be  a  varying  one,  and  the 
variation  must  be  as  "H"  to  "d".  When  "H" 
is  very  small  in  proportion  to  "d",  the  value 
of  the  coefficient  will  approach  unity.  This 
principle  has  been  recognized  in  the  "Madras 
Manual  of  Irrigation",  where  the  solution  of 
this  difficult  question  of  the  single  varying 
coefficient  has  been  attempted.  The  matter 
has,  however,  quite  recently  been  placed  on 
a  more  satisfactory  basis  by  the  results  of 
experiments  lately  made  in  Upper  India  on 
actual  works.  These  proved  the  important 
fact  that  in  submerged  fall  when  the  ratio 
of  H:d  :  :1:3,  then  the  discharge  is  prac- 
tically identical  with  that  of  a  free  overfall; 
and  when  this  proportion  is  exceeded,  then 
only  the  discharge  begins  to  be  subject  to  the 
conditions  prevailing  in  a  submerged  fall. 
This  apparent  paradox  is  due  in  part  to  the 
depression,  or  trough  caused  by  the  falling 
water  in  the  tail  pond,  which  neutralizes  the 
back  pressure  at  the  tail  water.  On  these 
premises  the  coefficient  can  be  estimated  with 
some  degree  of  certitude,  as  it  lies  between 
two  known  values." 

The  formula  that  Bligh  refers  to  as  No.  8  is 
commonly  known  as  "Francis  Formula." 
Formulae  (2)  and  (3)  are  also  the  commonly 
used  formulae  for  submerged  orifices. 

Mr.  Bligh  presents  the  following  formula  for 
solving  the  discharge  over  submerged  weirs  where 
the  back  water  is  more  than  two-thirds  the  total 
height  of  the  water  over  the  weir  crest  (Bligh, 
page  123)  : 

Q=cl[V2^  X  l/3(3d-H)]  (10) 

where 

Q=discharge  in  cubic  feet  per  second 
l^length  of  crest 

d^depth  of  water  over  crest  or  head 
H=differenee  in  elevation  of  back  water 
and  water  over  crest 

c=emperical  coefficient  varying  between 
d  d 

.8095,  when  —  =3,  and  1.00,  when  —  =100. 

H  H 

The  above  formula  is  for  discharge  where  there 
is  no  velocity  of  approach.  Where  there  is  veloc- 
ity head  to  be  considered,  Bligh  uses  a  second 
coefficient  or  multiplicand  obtained  by  the  for- 
mula : 

h  h 

c,=c  (l+-)^/^-(-)^/^  (9) 

3H  3H 

as  modified  to  fit  our  conditions. 


h=head  due  to  velocity  of  approach=.0155  v^ 
H  and  c=same  as  in  above  formula  (10). 
One  hundred  thirty-five  feet  of  the  weir  crest 
of  Sunol  Dam  is  at  elevation  201.25,  and  16  feet 
at  elevation  204.90.  Dividing  the  weir  into  two 
sections  and  solving  as  two  separate  weirs,  we 
have  for  one  portion : 

H=3.2  ft.;    d=15.5  ft.;  c=.814;  1=135  ft.; 
and  in  the  second  section  of  the  weir  we  have 
H=3.2  ft. ;  d=11.8  ft. ;  c=.811 ;  1=16  ft. 


c/.  /s.'s 


S/J^/fec. 


M 


ys^  ffecore/ed 
^/6^  Compufeef  by 
projecr^n^  ^/opc  ffOi 

20/.  IS 

ro'fif 


Substituting  in  Bligh 's  formula  we  have: 

Qi=.814  X  135  [8.02  X  1.79X  1/3  (3X15.5— 
3.2)]  =22, 800  cubic  feet  per  second  for  the  dis- 
charge over  the  135-foot  section,  and 

Q,=.811X16  [8.02X1.79X1/3  (3X11.8— 
3.2)]=2,000  cubic  feet  per  second  for  the  16- 
foot  section,  making  a  total  of  24,800  cubic  feet 
per  second,  not  taking  into  account  any  velocity 
of  approach. 

Substituting  our  values  and  solving  Bligh 's 
formula  for  the  effect  of  velocity  of  approach, 
we  have 

h=.0155  ¥^=.0155  (12)2=2.23. 

h  h 

(l+_)3/._(_)3/. 

3H  3H 

2.23  2.23 

=  (1H )'/'—( )3/2=i.25. 


9.6 


9.6 


24,800X1.25=31,000  cubic  feet  per  second  as 
the  discharge  over  the  dam,  with  a  depth  over 
the  crest  of  14.6  feet. 

Molitor  Formula. 

David  A.  Molitor,  C.  E.,  in  his  "Derivation  of 
new  and  m6re  accurate  formulas  for  the  dis- 
charge through  rivers  and  canals  obstructed  by 
weirs,  sluices,  etc.,  according  to  the  principles  of 
Gustav  von  Wex"  and  published  in  his  work 
entitled,  "Hydraulics  of  Rivers,  Weirs  and 
Sluices,"  establishes  the  following  formulae  for 
the  solution  of  discharge  over  incomplete  over- 
fall weirs  (see  page  130,  Molitor  Hydraulic's)  : 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


ii(S,^/2— S^/=)+u,   (H, )    (~ L_)l 


2g 


where 


S=  —    1+  —  COS^  —    ;  Si=S+H2+  —  ; 


2g' 


2g 


§2 Si 

Then 


B-b 


2v2BK  cos=  — 
2 


) 


S: 


0 


1=-  fl+(-)  cos==-l 


2g 


becomes 


O2 — *^iH~  ■ 


bg(H, ) 

2g 


b 


V'     Vi'  -li-D          01     B-b  02., 

S= 1 I  —  cos" ■{ cos"  ■ —  I  . 


2g     4g  •■  b  2        b 

Assuming  discharge=30,500 

Area  100  ft.  above  dam=2747 ;  then  v= 

=11  ft. 


2 
30,500 


2747 


.00799 

2/3u=.4001H h-000146b ; 

H2 

Ui=.5346+.000146b; 
in  which 

S=pressure  along  surface  filament. 

Si=pressure  at  depth  H2,  or  at  surface  of     14  fget,  we  are  justified  in  increasing  "v"  to  at 

back  water.  least  12  feet  per  second. 

Sa^pressure  along  the  filament  at  weir  crest.  „         ,         ,  „„„„ 

,  Area    100   ft.    below   dam=:3399 ;    then   V= 

b=width  of  weir ;  n^.67 ;  30  500 

u  and  Ui=eoefficients  of  flow.  =9  ft. 


But  as  the  dam  lies  directly  in  front  of  the 
main  portion  of  the  stream  channel  which  we 
found  by  Kutter's  formula  to  have  velocity  of 


0=angle  wing  wall  makes  with  direction  of 


flow. 


i/f^angle  upstream  face  makes  with  direction 


3399 
Prom  diagram 


,    ,      .           ,    ,         ,            ,         ,              T=18.8  ft. ;  Ti=19.6 ;  H=15.5 ;  Hi=12.3 ; 
01  flow,  and  the  figure  below  shows  the  other     jj 3  2 

factors : 

Assume 


I  2/7' /fecorc/ed. 


-K- 


I^ 


-  2l6^CorT?PUTee/  ty  prq/ecf'no 
_,^     .JVO/Oc  from    alcove 

2h^/fecorc/eo 


>/M9/y/////'}/////////y>///'W/////////, 


-^V 


xl/=20<' ;  K=3  ft. ;  B-b=24  ft. ;  0  on  one  side 
=90" ;  02  on  other  side=45°. 

Substituting  the  proper  values  in  these  equa- 
tions, we  have : 


45" 
■  -j cos"  —  I 


151 


To  compute  the  discharge  over  Sunol  Dam 
these  formulae  must  be  modified  somewhat,  as 
our  wing  walls  are  at  different  "  angles  and 
the  velocity  of  water  striking  these  wing  walls 
is  much  less  than  the  velocity  of  approach  over 
the  main  dam.  Being  guided  by  results  obtained 
by  Kutter's  formula  we  assume  a  velocity  of  12 
feet  in  front  of  the  weir  as  in  the  solution  of 
Bligh  's  formula,  and  a  velocity  of  5  feet  per  sec- 
ond striking  the  wing  walls. 


12"       5"    -24  90°      24 

S= h  —      —  cos" 

64.5     129  '■151 
=2.27 ; 

nV"  9^ 

Si=S+H2+—  =2.27+3.2+0.67— =6.31; 
2g  64.5 

-A 
2v"  BK  cos"  — 
2 

nV" 

bg  (Hi ) 

2g 

At  Sunol  Dam  "B"  in  this  equation  equal 
"b,"  then  substituting  we  have: 


S2— Si+  • 
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20° 
2  (12)2X151X3  cos^  — 
2 

S,=6.31H =8.58 ; 

.67X9' 

151X32.2  (12.3 ) 

64.5 
0.00799 

2/3u=0.4001H h0-000146Xl51=.4228;  u=0.635;  Ui-=0.5346+0.000146b=.556 ; 

3.2 

Q=2/3bV2i"  fu  (Si^/=— S''/2)  +u,  (H, )    ( ~  )  1 

L  2g  S,— Si       ■• 

.                                                               .67X9'       8.58^/==— 6.31^/= 
=2/3X151X8.02    .635  (6.3P/2— 2.27^/2)_(_  555  (12.3 )    ( )] 

•■  64.5  8,58—6.31       ■' 

=27,300  cubic  feet  per  second. 

In  the  above  solution  we  have  assumed  all  the  weir  crest  at  the  same  elevation,  and  neglect 
the  fact  that  16  lineal  feet  is  3.65  feet  higher,  as  is  shown  in  sketch  of  Sunol  Dam  on  plate  B  11. 
We  must,  therefore,  reduce  the  above  computed  discharge  by  the  amount  that  would  flow 
through  this  area.  This  will  be  readily  accomplished  by  deducting  16/151  of  the  difiference 
between  the  above  computed  discharge  and  a  discharge  from  the  surface  down  to  the  elevation 
of  the  crest  of  the  16-foot  section,  or  when 

Hi=12.3— 3.6=8.7 
then  we  have 

S=2.27;  Si=6.31;  u=0.635,  di— 556; 

V^  20» 

2v2BKcos2—  2X(12)'X3+cos=  — 

2  2 

S2=SiH =6.31+ =9.62 ; 

nV^  0.67  (9)2 

bg  (H, )  32.2  (8.7 ) 

2g  64.5 

qY2  g    3/2 g    3/2 

Q,=2/3bV2i  fu  (S/'2_g3/2)+u^  (H^ )  ( 1 L  )] 

.67(9)2      9.62^/2_e  313/2 

=807  35  ro.635  (6.31^''2_2.273/2) +0.556    (8.7 )  ( )  1=21,300  cu.  ft.  per  sec. 

L  64.5  9.62—6.31      -■ 

16 

—  of  (27,300— 21,300)  =600  cu.  ft.  per  sec. 

151 
The  discharge  over  the  Sunol  Dam  under  the  condition  of  March,  1911,  with  a  14.1  gage, 
as  computed  by  Molitor  formula,  was  27,300—600=26,700  in  feet  per  second. 

To  summarize,  we  have : 

30,900  Kutter 

31,000  Bligh 

26,700  Molitor 

Mr.  Le  Conte's  discharge  curve  gives  a  discharge  of  28,800  cu.  ft.  per  second  for  the  same 
gage  height  of  14.6  feet. 

Note  that  the  lip  on  the  crest  of  Sunol  Dam  was  worn  away  about  six  inches  in  March,  1911, 
which  was  not  taken  into  account  in  recording  the  gage  heights  for  high  watei-s,  consequently 
in  comparing  with  Le  Conte's  discharge  curve  we  have  taken  a  gage  height  of  14.6  instead  of  14.1. 
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Appendix  D. 


EVAPORATION 


BY 

T.  W.  Espy, 
Assistant  Engineer,  Spring  Valley  Water  Company. 

(Mr.  Espy  is  a  Civil  and  Mining  Engineer  witli  many  years'  experience  in  hydraulic  mining.  He  was 
for  several  years  in  charge  of  the  hydrographic  work  and  reconstruction  of  the  Imperial  Valley  Irrigation 
project,  embracing  300,000  acres  of  land  and  1000  miles  of  canal. — P.  C.  Herrmann.) 


For  the  purpose  of  this  report  consideration 
must  be  given  to  evaporation  from  large  water 
surfaces  and  to  that  from  surfaces  of  soils  with 
varying  degrees  of  saturation.  Evaporation 
from  water  surface  must  be  applied  to  the  vari- 
ous surface  storage  reservoirs  as  it  is  a  loss  that 
IS  operating  constantly,  and  as  this  loss  is  not 
preventable  nor  recoverable  it  affects  the  possi- 
ble safe  draft  to  a  considerable  extent. 

It  is  necessary  to  consider  evaporation  from 
saturated  soil  surfaces  because  of  the  condition 
that  exists  in  the  westerly  or  lower  end  of  Liver- 
more  Valley. 

EVAPORATION  PROM  WATER  SURFACE. 

The  amoimt  of  evaporation  from  a  free  water 
surface  depends  upon  the  temperature  of  the 
water  surface  and  upon  the  dryness  of  the  air, 
and  is  caused  by  the  difference  in  the  vapor 
pressure  at  the  water  surface  temperature  and 
the  vapor  pressure  in  the  air.  Several  factors 
affect  these  causes;  those  that  are  most  easily 
measured  are  the  temperature,  relative  humidity, 
and  wind  velocit.v.  The  temperature  has  by  far 
the  greatest  affect  as  it  acts  upon  the  dew  point 
inversely  to  the  vapor  pressure.  The  air  move- 
ment affects  evaporation  rate  principally  by  its 
secondary  effect  upon  humidity,  as  without  air 
movement  the  air  in  contact  with  the  evaporat- 
ing surfaces  soon  approaches  saturation  and 
evaporation  becomes  a  minimum. 

Wind  Velocity. 

That  wind  velocity  has  a  great  effect  upon  the 
rapidity  of  evaporation  is  recognized  by  the  most 


unscientific  persons.  Perhaps  the  simplest  dem- 
onstration of  this  fact  is  found  in  the  drying  of 
wet  garments.  All  housewives  know  that  the 
drying  of  the  weekly  wash  is  much  facilitated 
by  placing  it  in  a  current  o£  air  and  they  in- 
variably take  advantage  of  this  fact.  If  the  gar- 
ments are  dried  within  doors,  all  windows  are 
thrown  open  to  give  freedom  to  air  movement, 
and  when  outside,  they  are  placed  on  the  roof  or 
away  from  a  sheltered  place. 

The  effect  of  wind  velocity  upon  evaporation 
is  well  shown  by  experiments  made  by  the  U.  S. 
Signal  Service  on  evaporation  and  wind  velocity. 
These  experiments  were  made  with  the  air  at  a 
temperature  of  84°  and  a  relative  humidity  of 
50 '^r,  by  whirling  Piche's  Hygrometers  at  vary- 
ing velocities  on  an  arm  28  feet  in  length.  The 
evaporation  was  found  to  be  2.2  times  as  great 
with  a  velocity  of  5  miles  as  in  a  calm,  3.8  times 
at  10  miles,  4.9  times  at  15  miles,  5.7  times  at  20 
miles,  6.1  times  at  25  miles  and  6.3  times  at  30 
miles  an  hour.  These  results,  plotted  on  Plate 
D2,  show  that  the  evaporation  due  to  the  in- 
crease of  wind  velocity  is  very  rapid  at  first  but 
gradually  decreases  until  at  after  30  or  35  miles 
an  hour  the  evaporation  is  but  little  affected  by 
increased  wind  velocity. 

Of  experiments  made  at  the  Colorado  State 
Agricultural  College,  on  evaporation,  the  Agri- 
cultural Experiment  Station's  Bulletin  No.  45 
says  (page  18) : 

"The  effect  of  the  wind  Is  to  increase  the 
amount  of  evaporation  by  bringing  unsatur- 
ated air  in  contact  with  the  water,  and  to 
give    opportunity    for   the    diffusion    of   the 
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EVAPORATION  INCREASES  WITH  TEMPERATURE. 


387 


water  vapor.  Prom  the  working  formula 
derived  from  the  observations  in  1889,  each 
mile  of  wind  increased  the  evaporation  by 
about  2  per  cent.  Mr.  Fitzgerald's  experi- 
ments at  Boston  indicate  an  increase  of  2  per 
cent  for  each  mile  of  wind." 

Evaporation  is  further  shown  to  be  closely 
governed  by  wind  velocity  by  Plate  D3,  taken 
from  U.  S.  Department  of  Agriculture's  Bulle- 
tin No.  248. 


7[Q.  23.— Mean  temperaturea,  average  wiod  velocities,  and  evaporation  lossea  tnm  a  ttee.water  eurfaoa 
at  Davis,  Cal.,  July  1909. 

Water  Temperature. 

As  a  rise  in  the  water  temperature  increases 
the  vapor  pressure  and  causes  a  larger  evapora- 
tion, other  conditions  being  the  same,  a  record 
of  the  water  temperature  would  be  a  gage  upon- 
the  amount  of  evaporation.  This  was  well  dem- 
onstrated by  experiments  carried  on  in  several 
widely  distributed  stations  in  California  durina; 
1904-05  by  the  U.  S.  Department  of  Agriculture 
and  shown  in  table  below  (Bulletin  248,  page 
69). 

AVERAGE    TEMPERATURE    AND    EVAPORATION 
THEREFROM. 


Average  Temperature 

of  Water  Surface 

°F. 

53.4 
61.3 
73.5 
80.4 
88.7 


Daily 
Evaporation 
Inches. 

0.09 
0.19 
0.36 
0.48 
0.60 


These  records  show  a  direct  relation  between 
water  surface  evaporation  and  temperature  as 
is  easily  seen  by  referring  to  Plate  D4. 

In  general,  water  temperature  is  not  obtain- 
able and  some  other  method  must  be  employed 
in  estimating  evaporation  for  a  given  locality. 
Air  movement,  humidity  and  water  temperature 


nre  all  governed  to  a  large  extent  by  air  tem- 
perature, therefore  the  latter  has  been  adopted 
by  many  who  have  had  occasion  to  study  evap- 
oration loss  as  a  gage  of  water  surface  evapora- 
tion. 

In  commenting'  on  the  results  shown  in  the 
above  table  the  Bulletin  says  (page  69)  : 

"As  the  temperature  of  the  water  depends 
directly  upon  and  follows  closely  the  atmos- 
pheric temperature,  the  latter  must  be  rec- 
ognized as  one  of  the  controling  factors  in 
evaporation  loss." 

Mr.  C.  E.  Gruasky  in  his  article  on  "Evapor- 
ation from  the  Salton  Sea"  states  (page  163, 
Eng.  News,  Aug.  13,  1908) : 

"It  may  be  allowable  to  compare  the  rate 
of  evaporation  during  a  moderately  long 
time  unit,  as  for  a  month,  directly  with  the 
mean  temperature  of  the  air  for  the  same 
time,  and  to  apply  the  relation  so  estab- 
lished between  temperature  and  evapora- 
tion to  regions  that  are  known  to  have 
climates  similar  to  those  at  which  evapora- 
tion measurements  have  been  made." 

The  direct  relation  between  evaporation  and 
air  temperature  is  well  shown  in  Plate  D-5,  6, 
and  7,  taken  from  U.  S.  Department  of  Agri- 
culture 's  Bulletin  No.  177,  pages  36  and  37. 
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Evaporation  Records. 

Considerable  data  has  been  obtained  of  the 
water  surface  evaporation  in  various  places,  but 
just  how  close  these  records  apply  to  the  evapor- 
ation that  would  take  place  from  large  water 
surfaces  is  in  all  cases  questionable. 
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Two  methods  ordinarily  used  are  either  to 
record  the  evaporation  from  tanks  floated  by 
means  of  a  raft  in  a  large  body  of  water — as  a 
canal,  reservoir  or  lake, — or  to  measure  the  evap- 
oration from  a  tank  sunk  into  the  ground  until 
its  top  is  level  with  the  ground  surface. 

It  has  been  considered  by  many  that  the  latter 
method  gives  results  much  higher  than  should  be 
applied  to  a  large  water  surface. 

Mr.  Edwin  Duryea,  Jr.,  consulting  engineer, 
made  exhaustive  observations  during  the  y^^ars 
1904  and  1905  (results  published  in  Engineering 
News  of  Feb.- 29,  1912,  page  380),  in  the  Santa 
Clara  Valley,  near  San  Jose,  California,  with 
eight  land  plans  and  three  floating  pans.  While 
his  results  as  given  on  table  D-8  show  the  float- 
ing pan  to  evaporate  73.3%  the  first  year  and 
70%  the  second  year  of  the  land  pan,  he  adopts 
80%  as  his  safe  reservoir  evaporation  for  Laguna 
Seca  and  Upper  Gorge  reservoir. 

This  excess  of  land  pan  evaporation  over  water 
or  floating  pan  evaporation  was  also  found  in 
observations  at  Kingsburgh,  of  which  Mr.  C.  E. 
Grunsky  writes  (page  164,  Eng.  News,  Aug.  13, 
1908)  : 

"The  purpose  of  the  Kingsburgh  observa- 
tions was  not  to  establish  any  law  of  evap- 
oration but  to  ascertain  the  probable  annual 
total  from  a  water  surface.  The  four-year 
record  at  that  point  showed  3.85  feet  as  the 
depth   of  water   evaporating  annually   from 


the  pan  floated  in  the  river,  and  4.96  feet  as 
the  depth  of  water  evaporating  from  the  pan 
on  the  ground." 

This  water  pan  evaporation  of  78%  of  the 
land  pan  evaporation  is  believed  by  Mr.  Grun- 
sky to  be  lower  than  the  actual  evaporation 
from  a  large  water  surface,  and  he  continues : 

"It  is  believed  that  the  evaporation 
measured  from  the  pan  floating  in  the  river 
at  Kingsburgh  was  somewhat  less  than 
would  have  occurred  from  a  large  body  of 
open  water,  mainly  for  the  reason  that  some 
protection  was  afforded  to  the  pan  by  high 
river  banks,  a  fringe  of  low  trees  and  a  near- 
by bridge,  and  for  the  further  reason  that 
the  river  temperature  was  probably  a  little 
below  what  would  have  been  the  tempera- 
ture of  an  open  body  of  water.  But  the  pan 
on  the  ground  probably  showed  evaporation 
in  excess  of  what  would  have  taken  place 
from  a  large  water  surface,  particularly  for 
the  reason  that  the  water  in  this  pan  was 
warmer  than  the  water  surface  of  any  large 
water  body  would  have  been." 

Experiments   Conducted   by   U.   S. 
Department  of  Agriculture. 

Experiments  carried  on  by  the  U.  S.  Depart- 
ment of  Agriculture  in  Wyoming  and  published 
in  Bulletin  No.  104  shows  well  the  relation  be- 
tween land  pan  and  water  pan  evaporation 
(page  208)  : 

"To  find  roughly  the  difference  in  the  rate 
of  evaporation  from  the  surface  of  water 
running  in  a  canal  and  from  the  water  of  an 
evaporation  tank,  two  records  were  kept 
during  the  season  of  1900  at  Wheatland. 
An  evaporation  tank  was  placed  in  the 
ground  in  the  usual  manner.  Another  tank 
of  similar  dimensions  was  placed  in  canal 
No.  2.  The  latter  tank  was  supported  on  a 
raft  which  was  anchored  to  the  banks.  All 
precautions  were  taken  in  both  cases  to  pre- 
vent water  being  lost  through  any  other 
source  than  evaporation  and  it  is  believed 
that  the  results  of  the  test  are  quite  ac- 
curate. The  table  giveu  below  shows  the 
depths  lost  during  each  week  from  June  2 
to  October  16.  The  greatest  loss  occurred 
during  July,  the  total  evaporation  during 
that  month  being  19.33  inches  from  the  tank 
on  land  and  16.72  inches  from  the  tank  in 
the  water.  The  table  given  below  shows 
the  evaporation  from  each  tank  and  the  ex- 
cess of  evaporation  from  the  land  tank  over 
the  one  in  the  water  for  each  week  and  for 
the  season. 
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EVAPORATION    AT    WHEATLAND,  WYO.,  1900. 

Bvapo-  Evapo- 
ration ration  Excess  from  tanlt 
Date.                      from  from  on  land 
tanli  on  tank  in 
land  water  Depth       Per- 
centage 
Week  ended —      Inches  Indies  Inches 

June     9    3.50  3.00  0.50  17 

June  16    3.95  3.35  0.60  18 

June  23     4.00  3.60  0.40  11 

June  30    4.28  3.78  0.50  13 

July     7     4.75  4.25  0.50  12 

July  14     4.18  3.98  0.20  5 

July  21     5.59  4.39  1.20  27 

July  28     3.98  3.58  0.40  11 

August     4    3.50  2.60  0.90  35 

August  11    3.63  2.63  1.00  38 

August  18    3.40  2.60  0.80  31 

August  25    3.40  2.40  1.00  42 

September     1    ..   3.40  3.00  0.40  13 

September     8    ..   3.40  2.20  1.20  55 

September  15    ..   2.94  2.44  0.50  20 

September  22    ..2.25  1.75  0.50  29 

September  29    ..1.98  1.48  0.50  34 

October     6   2.02  1.67  0.35  21 

October  13    2.25  1.75  0.50  29 

Total    66.40  54.45  11.95  22 

It  is  interesting  to  note  that  there  is  al- 
ways an  excess  of  evaporation  from  the  land 
tank  and  that  it  never  exceeded  1.2  inches 
for  any  week.  Why  the  difference  in  the  loss 
between  the  two  tanks'  should  vary  as  much 
as  it  does  can  not  be  explained.  It  is  prob- 
ably in  a  large  measure  due  to  the  fact  that 
the  earth  heats  more  quickly  than  the  water. 
The  evaporation  from  the  tank  on  land 
would,  under  this  assumption,  be  more 
quickly  affected  by  every  change  in  the  tem- 
perature than  from  the  tank  in  the  water. 
It  will  be  noticed  that  during  the  time  the 
record  was  kept  66.4  inches,  or  5  feet  6.4 
inches  of  water  in  depth,  was  lost  from  the 
tank  in  the  ground,  and  54.45  inches,  or  4 
feet  6.45  inches,  was  lost  from  the  tank  in 
the  water.  The  difference  between  the  losses 
in  depth  from  the  two  tanks  is  therefore 
about  one  foot. 

When  it  is  considered  that  the  water  in 
the  canal  is  constantly  moving  and  is  sub- 
ject to  more  or  less  disturbance  the  loss  from 
its  surface  will  probably  more  nearly  approx- 
imate the  results  from  the  land-tank  meas- 
urements. The  results  obtained  from  the 
tank  In  the  water  will  probably  more  nearly 
apply  to  the  loss  of  water  from  the  reservoir 
surface.  However,  it  will  likely  be  excessive 
for  anything  except  quite  shallow  basins." 


count  of  the  greater  evaporation  from  the  canal 
water  it  mu.st  have  been  constantly  drawing  upon 
the  pan  for  heat,  thus  reducing  the  amount  of 
evaporation  that  should  have  taken  place  in  the 
pan,  had  the  water  in  the  canal  not  been  in 
motion. 

This  ability  of  flowing  water  to  reduce  the 
water  pan  evaporation  is  shown  by  experiments 
made  at  the  Agricultural  Experiment  Station  at 
Fort  Collins,  Colorado,  and  published  in  Bulle- 
tin No.  45  of  the  State  Agricultural  College.  In 
these  experiments  observations  of  water  pan 
evaporation  were  made  upon  a  pan  placed  in  a 
ditch  passing  through  the  State  College  grounds 
and  upon  several  small  lakes  or  reservoirs  in  the 
immediate  neighborhood. 

The  Bulletin  says  (page  23)  : 

"A  similar  tank  was  placed  in  the  Arthur 
ditch  where  it  passes  through  the  College 
grounds.  Observations  were  taken  daily. 
While  not  the  same  as  reservoir  conditions 
it  gives  data  for  comparison: 

«  Inches. — 

June,  1889...   2.89.  .  .Record  based  on  16  days 
July,    1889...   4.13...       "  "        31     " 

Aug.,    1889..  .3.94...        "  "        21     " 

Prom  the  above  data  we  obtain  the  basis 
for  estimating  the  evaporation  at  the  same 
rate  for  the  calendar  months: 


TABLE 

XIII. 

Lee    Lake,    1896. 

Lee    Lake,    1897. 

Evapora 

-     No. 

Bvapora 

-     No. 

Month       tion 

days 

Month       tion 

days 

inches 

Record 

inches 

Record 

May  ...    4.31 

24 

June...    6.36 

15 

June...    9.55 

21 

July  ...   9.11 

32 

July  ...   8.53 

21 

Aug....    7.25 

31 

Aug. ...    8.61 

32 

Sept...    5.20 

32 

Sept...    8.40 

31 

Oct....    4.17 

28 

Oct 4.60 

32 

Loomis  Lake,   : 

1897. 

Claymore   Lake, 

1897. 

May  ...    7.89 

20 

May  ...    5.22 

14 

June...    7.91 

26 

June 

July  ...11.87 

20 

July 

Aug. ...    9 .  02 

32 

Aug. ...    8.93 

10 

Sept 

Sept...    4.81 

21 

Oct....    4.89 

32 

Oct....    1.62 

23 

Warren's  Lake, 

1889. 

Warren's  Lake, 

1890. 

May 

May  ...    7.71 

13 

June 

,Tune...    8.40 

7 

July  ...   7.37 

37 

July  ...   5.41 

29 

Aug 

'^ug 8.06 

38 

Sept...    7.25 

30 

Sept 

Oct 5.61 

21 

Oct 

It  must  be  noted  that  the  above  water  pan  was 
placed  in  a  flowing  canal  and  that  on  account  of 
the  water  movement  in  the  canal  the  evaporation 
from  the  canal  water  was  obviously  greater  than 
from  the  still  water  of  the  pan.    Also  that  on  ac- 


It  will  be  noticed  that  the  evaporation 
from  the  tanks  as  given  is  much  greater  than 
the  corresponding  tank  on  the  grounds  of 
the  Agricultural  College.  This  difference  is 
partially  but  not  entirely  due  to  tempera- 
ture.   The  tanks  in  the  lakes  are  more  freely 
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exposed  to  the  wind  than  the  standard  tank, 
and  this  would  therefore  m'ake  a  great  differ- 
ence. The  tanks  are  more  or  less  agitated  hy 
waves,  and  in  consequence  the  water  surface 
exposed  to  the  air  is  larger  than  the  cross 
section  of  the  tank.  A  film  of  water  is  also 
left  on  the  metal  sides  of  the  tank  with  evei-y 
movement,  and  this  is  apt  to  be  of  higher 
temperature  than  the  water  in  the  lake  or 
in  the  tank,  and  evaporates  more  rapidly. 
The  influence  has  been  noticed  by  Mr.  Trim- 
ble, who  made  the  observations  in  1896  and 
some  of  those  in  1897,  and  suggested  as  a 
cause  of  some  of  the  excess  of  evaporation 
observed  from  the  lakes.  The  effect  may  be 
considerable,  but  how  much  is  uncertain. 
The  wave  action  differs  in  the  different 
lakes.  In  Lee  Lake  the  weeds  extend  so  near 
the  surface  that  there  is  little  opportunity 
for  wave  formation.  In  the  other  two  lakes 
the  effect  is  greater.  As  the  waves  also  in- 
crease the  area  of  the  surface  of  the  lakes 
which  is  exposed  to  the  air  likewise,  the  re- 
sults are  possibly  closer  to  the  loss  from  a 
lake  exposed  to  the  wind  than  If  the  tank 
had  been  stationary. 

The  effect  of  such  increase  of  surface  may 
be  considerable.  Y/e  have  made  no  experi- 
ments to  determine  the  possible  effect.  The 
only  ones  reported  are  some  by  Maurice  Ay- 
mard,  a  French  engineer  stationed  in  Al- 
geria, whose  report  on  Irrigation  in  Spain  as 
preliminary  to  the  construction  of  a  reservoir 
which  has  but  recently  been  built.  In  classic 
In  irrigation  literature.  The  observations 
were  carried  on  for  less  than  four  days  in 
1849.  Tanks  20  inches  (50cm)  in  diameter 
and  2  feet  high  were  made.  In  one  the  water 
was  still;  in  the  other  an  iron  disk  nearly  of 
the  same  diameter  as  the  tank,  with  holes 
through  It,  was  slowly  raised  and  lowered  in 
the  tank.  The  water  passing  through  the 
numerous  small  holes  kept  the  surface  In 
agitation,  something  like  the  surface  in  small 
ditches  with  rapid  fall.  The  loss  under  these 
conditions  was  more  than  a  third  more  from 
agitated  than  from  quiet  water,  or  a  loss  of 
1.66  Inches  from  the  quiet  water,  and  2.32 
from  the  rough  water." 

The  conclusions  to  be  arrived  at  from  the  fore- 
going study  is  that  evaporation    from    a    large 


water  surface  is  much  less  than  is  obtained  by 
the  usual  land  pan  method,  and  that  perhaps 
80%  is  a  safe  factor  to  apply  to  land  pan  ob- 
servations. 

A  wide  range  in  the  total  annual  evaporation 
under  different  climatic  conditions  is  shown  by 
the  following  table  taken  from  Prof.  Hilgard's 
work  on  Soils : 

TABLE  SHOWING  EVAPORATION  FROM  WATER 
SURFACE  EXPOSED  IN  SHALLOW  TANKS 
NEAR  WATER  OR  GROUND  SURFACE. 


Rothamsted    England    

London    "  

Oxford    "  

Munich    Germany    . . .  . 

Endrup    Denmark    .  . .  . 

Cambridge    Massachusetts 

Syracuse    New    York .... 

Logan    Utah     

Tucson    Arizona     


Years. 

9 

.     14 

5 

? 

.  10 
1 
1 
1 
1 


Fort   Collins Colorado     11 

Fort  Bliss Texas     1 

San   Francisco California 

Sweet   Water   Res. 

San  Diego "  1 

Peking    China   ? 

Demerara    South  America.  .       3 

Bombay    East   India   5 

Petro-Alexandrowsk.West  Turkestan.       ? 

Kimberley    South  Africa ....       ? 

Alice     Springs South  Australia. 

Pomona    . . '. California  1904 

Tulare    "  1904 

Calexico    "  1904 


Inches. 
17.80 
20.66 
31.04 
24.00 
27.09 
56.00 
50.20 
52.39 
75.80 
41.00 
82.70 
45  to  50 

57.60 
38.80 
35.12 
82.28 
96.40 
98.80 

103.50 
66.92 
74.68 

108.23 


Considerable  evaporation  data  has  been  col- 
lected through  California  which  shows  a  wide 
range  in  evaporation.  Some  of  these  evaporation 
records  are  tabulated  in  Table  D-9. 

In  estimating  the  water  surface  evaporation 
applicable  to  our  proposed  Alameda  System  Res- 
ervoirs we  have  accepted  results  obtained 
by  Edwin  Duryea,  Jr.,  in  the  Santa  Clara 
Valley,  California,  and  results  obtained  by  Mr. 
C.  B.  Grunsky  at  Kingsburgh,  California,  as 
being  on  account  of  the  close  proximity  and  sim- 
ilarity of  climatic  conditions,  most  applicable. 
These  we  have  plotted  on  Plate  D-10  as  a  func- 
tion of  mean  monthy  temperature  along  with 
results  obtained  in  the  Owens  Valley  and  Ber- 
keley, and  from  them  constructed  a  curve  appli- 
cable to  Livermore  Valley.  From  this  curve  we 
obtain  a  mean  annual  evaporation  of  48.18 
inches,  shown  in  Table  D-11. 
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THE    EVAPORATION    OP    THE    LIVERMORE    VALLEY    WAS    DETERMINED    FROM    MANY    OBSER- 
VATIONS. 
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EVAPORATION  FROM  SOILS. 

In  addition  to  temperature,  humidity,  and 
wind  velocity,  the  rate  of  evaporation  and  trans- 
piration from  soils  and  vegetation  is  affected 
by  varying  soil  conditions,  such  as  relative 
moistness  of  the  soil,  the  mechanical,  mineral- 
ogical  and  chemical  composition  of  the  soil  and 
the  character  of  the  vegetation  covering  the 
surface. 

The  amount  of  evaporation  from  soils  has  been 
extensively  observed  in  California  and  the  West 
l)y  the  U.  S.  Department  of  Agriculture  and  re- 
sults are  published  in  Bulletins  Nos.  177  and  248. 
These  observations  were  made  for  the  primary 
purpose  of  determining  the  amount  of  evapora- 
tion from  soils  containing  varying  percentages 
of  water  and  methods  of  preventing  this  loss. 
Their  results  are  more  interesting  to  us  as  show- 


ing the  relation  between  water  surface  evapora- 
tion and  soil  evaporation  with  water  table  at 
different  depths. 

The  equipment  used  were  water  jacketed  gal- 
vanized iron  tanks  about  24  inches  in  diameter 
and  27  inches  deep.  These  were  filled  with  soil 
and  sunk  into  the  ground  until  the  tops  were 
even  with  the  surface.  A  six-inch-irrigation  was 
applied  to  the  surface  of  the  soil,  and  when  it  had 
percolated  until  no  free  water  remained  upon 
the  surface,  the  tanks  and  contents  were  weighed. 
The  tank  was  again  weighed  at  various  intervals, 
the  loss  in  weight  representing  the  evaporation 
loss.  These  experiments  show  that  the  evapora- 
tion of  the  soil  when  saturated  was  greater  than 
water  surface  evaporation.  Some  of  the  results 
are  tabulated  and  are  shown  with  diagrams  on 
Plates  D  12,  13,  14  and  15. 


AVERAGE   EVAPORATION  LOSSES  FROM  FREE-WATER    SURFACE   AND    FROM   CULTIVATED    AND 
UNCULTIVATED  SURFACES  AT  CALDWELL,  IDAHO   (JUNE  1-29  AND  JULY  3-31,  1909). 

Loss 

from  Cultivated  Uncultivated 

Period                  Days  ^wat^er^  Tanks  1  and  2  Tanks  3  and  4  Tanks  5  and  6  Tanks  7  and  8 

Average  weight  of 
tanks  at  begin- 
ning of  experi- 
ment, pounds 1,172.2  1,185  1,172  1,169 

Average  loss:  inches  Pounds  Percent  Pounds  Percent  Pounds  Percent       Pounds      Percent 

First   3  1.15  20.40  21.7  20.25  21.6  22.00  23.4           22.50           23.9 

Second   4  1.19  3.35  3.6  2.90  3.1  7.10  7.6            7.10            7.6 

Third    3  .95  .65  .7  1.00  1.1  1.25  1.3            1.75            1.9 

Fourth    4  1.42  .50  .5  .00  .0  1.00  1.1                .75                .8 

Fifth 3  1.17  3.00  3.2  2.75  2.9  3.40  3.6             3.40             3.6 

Sixth    4  1.50  1.75  1.9  1.35  1.4  1.75  1.9            1.35            1.4 

Seventh    3  1.08  .25  .3  .25  .3  .25  .3               .25               .3 

Eighth    4  1.35  .90  1.0  .90  1.0  1.00  1.1               .75               .8 

Total 28  9.1         30.80  32.9  29.40  31.4  37.75  40.3  37.85  40.3 

Equivalent  loss  in 
inches 1.91  2.42 

AVERAGE   EVAPORATION  LOSSES  FROM  FREE-WATER  SURFACES  AND  FROM  CULTIVATED  AND 

UNCULTIVATED  SURFACES  AT  WILLISTON,  N.  DAK.   (AUG.  4  TO  24  AND  AUG.  24  TO  SEPT.  14, 

1909). 

Loss 

from  Cultivated  Uncultivated 

Period  Days        water 

Average    weight    of  surface         Tanks  1  and  2  Tanks  3  and  4  Tanks  5  and  6  Tanks  7  and  8 

tanks  at  begin- 
ning of  experi- 
ment,  pounds 1.042  1,040  1,050  1,010 

Average  loss  ■  inches  Pounds       Percent  Pounds  Percent  Pounds       Percent  Pounds  Percent 

First  3  0  62  HIS  11.9  12.45  13.2  11.55  12.3  9.45  10.0 

Second  4  83          3.85  4.1  2.65  2.8  4.35  4.6  3.75  4.0 

Third        ■  3  56          3.00  3.2  4.10  4.4  4.95  5.3  3.40  3.6 

Fourth  4  74          3.50  3.7  2.25  2.4  4.10  4.4  4.60  4.9 

Fifth  3  57          2.30  2.4  3.80  4.1  6.35  6.8  5.70  6.1 

Sixth  '..!!'...'...  4  .89           4.45  4.7  3.70  3.9  2.30  2.4  2.00  2.1 

Total 21  4.21        28.25  30.0  28.95  30.8  33.60  35-.8  28.90  30.7 

Equivalent  of  aver- 
age total  loss  in 
inches 1.82  1.99 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


A  comparison  of  evaporation  from  soil  and 
water  surface  is  given  on  page  46  of  U.  S.  Dept. 
of  Agriculture's  Bulletin  No.  177  and  is  shown 
in  table  below.  These  experiments  indicate  that 
the  evaporation  from  a  saturated  soil  may  be  as 
much  as  2'/^  times  as  great  as  from  a  free  water 
surface. 

Extensive  experiments  were  carried  on  in 
Owens  River  Valley  where  the  artesian  condi- 
tions are  strikingly  similar  to  those  of  the  Liver- 
more  Valley,  by  Mr.  Chas.  H.  Lee  under  the 
direction  of  the  Los  Angeles  Aqueduct  Commis- 
sion and  some  of  his  results  are  published  in  the 
Engineering  News  of  Oct.  12,  1911.  Mr.  Lee  in 
a  special  report  states  that  two  of  the  conclusions 
justified  by  the  Owens  River  Valley  experiments 
are: 

1.     "There  Is  a  definite  depth  helow  which 
evaporation  from  ground  water  ceases,  and 


2.     Soil  evaporation  decreases  directly  with 
the  depth  of  the  ground  water." 

This,  together  with  the  Department  of  Agri- 
culture's results  of  saturated  soil  evaporation, 
as  shown  above,  would  indicate  that  even  though 
the  water  table  was  considerably  below  the  sur- 
face of  the  ground,  the  evaporation  would  be  as 
much  or  more  than  from  a  shallow  water  surface. 

Mr.  Lee 's  conclusions  are  further  borne  out  by 
the  following  tables  and  Figs.  7  and  9,  taken 
U.  S.  Department  of  Agriculture's  Bulletin  No. 
177,  pages  32  and  35: 

EVAPORATION  FROM  SOILS  AT 

ARLINGTON  HEIGHTS. 
Initial  weight      Amount 


Niirabpi'S 
of  tanks. 

I  and  3   . 

of  soil  and 
tanlc, 
pounds. 
..   962.4 

of  water 
added, 
pounds. 

0 

Loss  by 

evaportai 

on  in  ten 

Pounds. 

6.3 

Inches. 
0.4 

Per  cent. 

2  and  4 . . 

,.   940.8 

40 

15.4 

1.0 

38  i 

5  and  7   . 

..   941.5 

70 

19.1 

1.2 

2T.3 

6  and  8 .  . 

..   950.0 

100 

23.9 

1.5 

28.9 

EVAPORATION  FROM  FREE-WATER  SURFACE  AND  FROM  TANKS  WITH  MULCHES  OF  DIFFERENT 
DEPTHS  AT  DAVIS,  CAL.,  SEPT.  1  TO  OCT.  3,  1908  (6  INCHES  OF  IRRIGATION  WATER  AP- 
PLIED.)                              Loss  Loss  from  soil. 

from                 No  mulch  3-mcli  mulcH                  6-inch  mulch  9 -Inch  mulch 

Periods                                water            tanks  1  and  2  tanks  3  and  4                 tanks  5  and  6  tanks  7  and  8 
surface 

Average  weight  of  tanks  _  „„„  .,  „„,.  „ 

Sept    1,  pounds 1-104.7  1,090                            1,082  1.085.2 

AiroT-ap-o  ln««-                               Inches       Pounds       Percent  Pounds        Percent        Pounds       Percent  Pounds      Percent 

Sept     14                               107         16.75          17.8  1.75            1.9            0.00            0.0  0.00            0.0 

ap„t    40 i'4o          4.50            4.8  .75               .8               .25               .3  1— .50          —.5 

Sent'  8-11 89           3.00            3.2  2.25            2.4               .75               .8  1— .25          —.3 

Sent    11-15 l'.23          1-50            1.6  2.50            2.7               .00               .0  .00              .0 

Sept.  15-Oct. '3  ■.■.:: 5.60          8^          ^  J^          ^         _4^5          ^  _2^            2A 

Totalloss,  32days...   mi9         33.75          35.9  14.25          15.2            5.75            6.1  1.50          1.60 

Equivalent  loss,  in  inches     2.15  .91                            0.39  .10 

1 — Due  to  slight  inaccuracies  in  weighing. 


EVAPORATION  FROM  SOIL  AND  WATER. 


Kind  of  soil  and  percentage  Air  in 

of  free  water  shade 

°F. 

Sandy  loam — saturated  71 

Sandy  loam — 17.5  76 

Sandy  loam — 11.9  76 

Sandy  loam— 8.9  76 

Sandy  loam— 4.8  76 


temperature  taken  morning,  noon 

and 

Weekly  evapora- 

evening  in  degrees  Fahrenheit 

tion 

Soil  in            Soil  in           Moist 

Surface 

Soil 

Water 

shade               sun                soil 

of  water 

°F.                    °F.                   °P. 

°F, 

Inches 

Inches 

76                   95                 83 

77 

4.75 

1.88 

78                 106 

80 

1.33 

1.94 

78                 106 

80 

1.13 

1.94 

78                108 

80 

.88 

1.94 

78                108 

80 

.25 

1.94 

EVAPORATION     FROM     TULARE     SOILS     WHICH     RECEIVED     DIFFERENT   AMOUNTS   OF  WATER, 

JUNE    15    TO    SEPTEMBER    15,  1904. 


Initial  Weight 

Numbers  0'  sojl 

of  tanks  Pounds 

I  and  2 319.5 

3  and  4 324.0 

5  and  6 317.8 

7  and  8 314.0 

9    and  10 311.5 

II  and  12 316.3 


Amount  of  water 

applied 

I 

Pounds 

Inches 

Pounds 

0.0 

0.0 

3.8 

27.4 

3.3 

29.1 

41.0 

4.9 

38.5 

54.7 

6.6 

45.7 

68.4 

8.2 

54.7 

82.1 

9.8 

65.3 

Loss    by    evaporation 

Inches  Percenf 


3.5 

106.0 

4.6 

94.0 

5.5 

83.6 

6.6 

80.0 

7.9 

79.5 

GREAT  VAPOR  PRESSURE  FROM  SOILS. 
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Fig.  7. — Diagram  showing  relation  between  amount  of 
water  and  loss  by  evaporation  as  determined  by  experi- 
ments with   Tulare   soils,    June  15   to    September  15,    1904. 
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Fio.  9. — Diagram  showing  relatloD  between  amount  of  water  and  toss  by  evapuratlon  as 
determined  by  experiments  wltb  Riverside  soIIr 


Some  explanation  of  the  increase  of  moist  soil 
evaporation  over  water  surface  evaporation  is  ob- 
tained from  the  following  diagram,  taken  from 
U.  S.  Department  of  Agriculture's  Bulletin  No. 
177,  page  43,  showing  the  eifect  of  air  temper- 
ature and  sun  rays  on  water  temperature,  dry 
soil  temperature  and  moist  soil  temperature. 
This  diagram  shows  that  soils  absorb  much  more 
heat  than  does  water  in  a  tank,  therefore  causing 
the  moisture  in  the  soil  to  have  a  much  higher 
vapor  pressure  than  the  tank  water. 
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The  capacity  of  the  soil  to  absorb  heat  is 
further  brought  out  in  the  report  on  "New 
York's  Water  Supply"  by  Messrs.  Burr,  Hering 
and  Freeman,  which  says  on  page  764 : 

"In  Fig.  40  the  proportion  of  the  total 
annual  evaporation  that  occurs  in  each 
month  has  been  plotted  from  the  evaporation 
experiments  and  stream  flow;  in  addition, 
Fitzgerald's  curve  of  mean  monthly  evapora- 
tion from  a  water  surface  and  the  mean 
monthly  air  temperature  have  been  added. 
'  Naturally  the  English  experiments  do  not 
agree  with  the  curves  of  evaporation  com- 
puted from  our  American  streams,  because  of 
the  difference  in  the  seasons,  but  the  sim- 
ilarity of  the  curves  of  evaporation  clearly 
indicate  that  the  monthy  evaporation  from 
soil  is  roughly  proportional,  like  that  from  a 
water  surface,  to  the  mean  monthly  tempera- 
ture of  the  air. 
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Fig.    18. — Average    weekly    temperatures    for    nine    con- 
secutive weeks. 


SEASONAL    DISTRIBUTION    OF  EVAPORWION 
FROM    WATER  AND   LAND  SURFACES. 

"That  a  greater  proportion  of  the  evapora- 
tion should  occur  in  the  summer  is  very 
natural,  for  evaporation  is  due  to  molecular 
activity  at  a  water  surface,  and  this  activity 
depends  upon  the  amount  of  heat  energy  that 
exists,  which  is,  of  course,  measured  by  the 
temperature  of  the  air  and  of  the  surface 
soil.  The  soil  temperature  follows  closely 
that  of  the  air;  this  was  brought  out  by  a 
good  series  of  soil  temperature  observations 
made  at  Albany  from  May,  1847,  to  Decem- 
ber,   1848    (Natural    History    of    New    York, 
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1848),  which  are  shown  in  Fig  40a,  together 
with  the  mean  monthly  air  temperature  in 
New  Yorlc  City  for  thirty  years." 


FIG,  40A.  APP.  VII. 
SEMI-MONTHLY  ^OBStRVATIONS 
MEAN  TEMPERATURE  OF  THE  SOIL 
ALBANY  NEW  YORK  IN  1848. 


TRANSPIRATION     PROM     VEGETATION. 

Transpiration  from  plant  life  is  varied  de- 
pending largely  upon  the  habitat  of  the  plant. 
Those  species  that  are  common  to  arid  regions 
use  a  very  small  amount  of  water  and  have  very 
small  transpiration,  while  plants  common  to  re- 
gions of  abundant  water  are  so  constructed  that 
they  utilize  and  transpire  a  great  deal.  A  wide 
range  of  data  on  plant  transpiration  has  been 
obtained  by  various  botanists,  but  most  of  it 
does  not  deal  with  the  quantitative  amount  trans- 
pired. The  Germans  have  done  considerable 
work  along  this  line.  Of  their  work  the  Report 
of  the  Commission  on  Additional  Water  Supply 
for  the  City  of  New  York,  by  Burr,  Hering  and 
Freeman  says  (pages  760,  761,  762)  : 

The  amount  of  water  required  by  vegeta- 
tion has  been  estimated  by  many  experiment- 
ers. The  best  known  estimates  are  perhaps 
those  of  Resler,  in  Germany,  which  are  as 
follows : 

Consumption  of 
Crop  "water  in  inches 

cer  day 

Meadow    Grass 0.134  to  0.267 

Oats    0.140  to  0.193 


Indian  Corn 0.110  to  0.157 

Clover  0. 140  to   

Vineyard   0.035  to  0.031 

Wheat   0.106  to  0.110 

Rye    0.091  to   

Potatoes    0.038  to  0.055 

Oak  Trees 0 .  038  to  0.035 

Fir  Trees 0 .  020  to  0 .  043 

This  indicates  that  anywhere  10  to  30 
inches  of  rainfall  each  season,  will  be  ab- 
sorbed by  vegetation  and  even  greater  quan- 
tities when  supplied. 

The  experiments  of  Prof.  King  at  Madison, 
Wisconsin,  on  the  amounts  of  water  required 
to  produce  a  pound  of  dry  matter  show  that 
when  an  ample  supply  of  water  is  furnished, 
some  crops  will  absorb  as  much  as  25  inches 
of  water  during  the  growing  season.  An 
abundant  supply  of  water  is  not,  however, 
always  present  under  field  conditions  and,  on 
an  average,  cultivated  areas  probably  dissi- 
pate 12  to  15  inches  of  water  between  May 
and   September.     *     *     * 

From  the  experiments  of  Dr.  Bbermayer 
and  those  of  Schubler,  Harrington  has  de- 
duced the  following  values  (Table  15)  for 
the  evaporation  from  different  surfaces  com- 
pared to  the  evaporation  from  a  water  sur- 
face and  the  precipitation  during  the  warm 
season   (May  to  September). 

EVAPORATION    FROM    VARIOUS    KINDS 
OF  VEGETATION. 

Review  of  Forest  "Meteorological  Observa- 
tions," A  Study  Preliminary  to  the  Discus- 
sion of  Relation  of  Forests  to  Climate,  Har- 
rington. 

Proportion  of 
evaporation      Proportion 
from  free  of 

water  precipita- 

surface.  tion. 

Sod  1.92  .96 

Cereals      1.73  .86 

Forest   1.51  .75 

Mixed,   etc 1.44  .72 

Bare   soil 60  .30 

Experiments  showing  transpiration  from 
wheat  and  barley  were  carried  on  at  Tulare,  Cal- 
ifornia, from  1903  to  1905  and  are  published  in 
U.  S.  Department  of  Agriculture's  Bulletin  No. 
177.  Twelve  and  seventeen  inch  in  dia,meter  water 
jacketed  tanks,  twenty-nine  inches  deep,  were 
filled  with  soil  in  which  the  grains  were  planted. 
These  tanks  received  varying  amounts  of  water 
and  the  amount  of  transpiration  was  recorded 
by  frequent  weighing.  The  first  experiment  on 
wheat  was  commenced  December  11,  1903,  and 
continued  until  July  14,  1904,  when  the  crops 
were  harvested. 

The  second  experiment  started  January  12, 
1905,  and  continued  until  June  22.     The  yields 
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from  the  two  sets  of  experiments  together  with 
the  amount  of  water  received  and  the  net  loss, 
both  in  weight  and  inches,  during  the  season  are 
given  in  the  following  tables  (Bulletin  No.  177, 
pages  52  and  53)  : 

YIELDS  OF  WHEAT,  TOTAL  WATER  RECEIVED, 
AND  WATER  LOST  BY  EVAPORATION  AND 
TRANSPIRED  AND  USED  BY  CROP  IN  TULARE 
WHEAT   EXPERIMENT,   1903-4. 

Total  Total  net 

Numbers       water  loss  during  Yield  of      *Inches  water 

of  tanks,     received,  season,        grain,     Received.    Used, 

pounds.  pounds.  grams. 

land  2..     57.27  79.77  0.0  6.28  8.9 

3    93.75         113.75         10.0         10.28         12.6 

4   128.49         147.49         14.0         14.28         16.5 

5   161.49         186.49         19.0         18.28         20.8 

6  and  7..  199.71  216.71  38.0  22.28  24.2 
19  and  20a  75.51  69.76         8.40  7.8 

a — Bare  soil. 


YIELDS  OF  WHEAT  IN  TANKS  2  AND 
TULARE,  JANUARY  11  TO  JUNE  22,  1905, 
AMOUNTS  OP  WATER  RECEIVED. 

Yield  of 

Numbers    Total  water  received. 


of  tanks.      Pounds.  Inciies. 

2  and  3..   110.08  12.07 

4  and  5..   164.80  18.07 

6  and  7..   246.88  27.07 

1  and  21a     97.53  10.69 


Loss, 
pounds. 
136.58 
190.30 
254.68 
92.60 


gram, 

grams. 

11.2 

33.6 

16.6 


7,  AT 
WITH 


*Loss, 
inches. 

14.9 
20.8 
27.8 
10.1 


a — Bare  soil. 

*In  the  U.  S.  Bulletin  the  quantity  of  water  is  given  in 
pounds.  For  convenience  of  comparison  this  quantity 
reduced  to  inches  is  given  in  the  starred  columns  in  the 
above  tables,  and  also  in  tables  which  follow. 


These  results  show  that  the  total  loss  by  evap- 
oration and  transpiration  was  between  two  and 
three  times  the  loss  from  bare  soil. 

Similar  experiments  with  barley  were  carried 
on  simultaneously  with  the  wheat  experiments, 
using  17-ineh  diameter  water  jacketed  tanks  in- 
stead of  12-inch  ones.  The  first  experiment  began 
on  December  11, 1903,  and  the  losses  as  well  as  the 
total  amounts  of  water  received  by  each  tank 
and  the  yields  of  grain  are  given  in  the  follow- 
ing summary  (Bulletin  177,  page  55)  : 


YIELDS  OF  BARLEY,  TOTAL  WATER  RECEIVED, 
AND  LOSS  BY  EVAPORATION  AND  AMOUNT 
OF  WATER  TRANSPIRED  AND  USED  BY  CROP 
IN   TULARE   BARLEY   EXPERIMENT,  1903-4. 

Total  Total  net 

Numbers         water  loss  during  Yield        *Inches  water, 

■of  tanks        received,  season,    of  grain,  Received.    Used, 

pounds.  pounds,     grams. 

21  and  22.      57.27  78.27         27           6.28           8.58 

23    93.75  107.75         41         10.28         12.00 

24    128.49         148.49         62         14.28         16.70 

25    161.49         170.49         48         18.28         19.10 

26  and  27.   198.71         198.96         66        22.28         22.20 
17  and  18.     75.51  78.01         ..  8.40  8.70 

Of  this  experiment  the  Bulletin  says  (page 
54): 

"When  the  experiment  was  terminated  and 
the  soils  turned  out  of  the  tanks,  that  in 
Nos.  21  and  22,  which  received  no  irrigation 
water,  was  very  dry.  Roots  had  accumulated 
in  the  bottom  of  the  tanlts  in  their  search  for 
what  moisture  the  soil  contained.  The  bare 
tanks,  17  and  18,  were  fairly  moist  up  to  with- 
in 4  to  6  inches  of  the  surface.  In  Nos.  26 
and  27,  which  received  the  most  water — 16 
inches  in  addition  to  rainfall — the  surface 
was  dry,  but  the  bottom  layers  were  quite 
moist." 

This  experiment  shows  that  the  transpiration 
from  barley  was  as  much  as  2^/2  times  the  evap- 
oration from  bare  soil. 

Experiments  carried  on  by  the  U.  S.  Experi- 
ment Station  at  Berkeley,  California,  on  the  com- 
mon Portuguese  or  horse  bean  to  determine  the 
effect  of  varying  amounts  of  water  show  inter- 
esting results. 

Seventeen-inch  diameter  water  jacketed  tanks, 
29  inches  deep  containing  graded  soils  were  used. 
In  the  first  experiment  the  seed  was  planted 
Sept.  1,  1904,  one  tank  in  seven  being  left  bare 
and  various  amounts  of  water  being  supplied  in 
addition  to  the  natural  rainfall. 

The  first  experiment  expired  Feb.  8,  1905.  and 
the  second  one  began  March  8,  1905,  and  con- 
tinued until  August  8,  1905.  In  the  tabulated 
summary  below  are  given  the  amounts  of  water 
applied  to  and  evaporated  from  the  uncropped 
tanks  and  the  yield  from  the  cropped  tanks  are 
included  (Bulletin  177,  page  59)  : 


COMPARISON  OP  AMOUNTS  OP  WATER  APPLIED  TO  HORSE  BEANS,  WITH  THE  AMOUNTS  LOST 
BY  EVAPORATION  AND  TRANSPIRED  BY  THE  PLANTS. 

First  experiment.  Second  experiment.  'Second 

Numbers                  Total  Total  net  Yield  of  Total  Total  net  Yield  of  experiment, 

of  tanlcs.                 water  loss  during  green  water  loss  during        green  Total  water 

received,  experiment,  matter.  received,  experiment,  matter,  in  mches. 

pounds.  pounds.  grams.  pounds.  pounds.  grams.  Received.     Loss. 

1  and  2 67.50  132.87  3,352  89.60  113.72           404  10.73         13.6 

3  and  4 99.85  155.22  4,281  223.20  240.57  1,386  26.73         29.0 

5  and  6 276.25  240.50  4,547  321.81  216.31  2,095  38.46         38.0 

7    92.00  42.25  131.35  95.85         15.75  11.5 


*First 
experiment. 
Total  water, 

in  inches. 
Re- 


ceived. 

20.10 

24.10 

33.50 

11.00 


Loss. 

15.9 

18.7 

29.0 

5.0 
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Speaking  of  the  first  experiment  the  Bulletin 
says  (page  57) : 

"Although  tank  No.  7,  which  was  bare,  re- 
ceived only  one  inch  of  irrigation  water,  the 
heavy  rains  kept  it  so  saturated  throughout 
the  term  of  the  experiment,  and  at  various 
times  sufficient  standing  water  was  removed 
from  the  surface  to  make  a  total  depth  so 
removed  for  the  season  of  nine  inches.     At 
one  time,  before  the  plants  had  made  much 
growth,  it  was  also  necessary  to  remove  about 
two    inches    each    from    the    four    irrigated 
tanks." 
The  results  as  given  in  the  tabulation  above 
show  that  in  the  first  experiment  the  tanks  which 
did  the  best  and  the  one  which  received  the  most 
water  transpired  five  times  as  much  as  evapor- 
ated from  the  bare  soil,  and  that  the  total  evap- 
oration and  transpiration  from  these  tanks  (5  and 
6)    in  the   first   experiment  was   29   inches,   as 
against   a  water  surface   evaporation   of   11.58 
inches.     The  second  experiment  shows  a  loss  by 
transpiration  of  26.5  inches  from  tanks  5  and  6 
while  the  loss  from  bare  soil  was  11.5  inches. 
The  total  loss  from  tanks  5  and  6  was  38  inches, 
as  against  a  water  surface  evaporation  of  21 
inches,  or  nearly  twice  water  surface  evapora- 
tion during  the  spring  and  summer  months. 

In  regard  to  Owens  River  Valley  experiments 
Mr.  C.  H.  Lee  writes: 

"Actual  measurements  on  alfalfa  in  Owens 
Valley  shows  the  depth  of  transpiration  from 
blooming   plants    to    be    0.49    inches   per    24 
hours   on   a   day   when   the   depth   of  water 
evaporating   from   a  pan   floating  in   Owens 
River  was  0.30  inches." 
This   experiment   was   made   by   cutting   the 
alfalfa   and  weighing  it  at  frequent  intervals, 
and  it  does  not  include  the  loss  from  the  soil. 
Mr.  Lee  further  writes : 

"The   evaporation   from  soil   growing  salt 
grasses  when  the  water  stands  near  the  sur- 
face Is  1.15  times  that  from  a  free  water  sur- 
face  during   the   summer   months   and   45% 
during  the  winter." 
In  his   experiments  Mr.   Lee  considered  the 
winter  as  from  Oct.  1  to  March  31.     In  Liver- 
more  Valley  the  wild  grasses  grow  practically  all 
winter  and  we  take  salt  grass  evaporation  as 
90%  during  that  period. 

Many  measurements  have  been  made  on  trans- 
piration per  square  inch  of  leaf  surface  and  it 
has  been  fotind  to  vary  from  26  to  45%  of  water 
surface  evaporation.  The  Burr,  Hering  and 
Freeman  Report  on  "New  York's  Water  Sup- 


ply" says  (page  761)  : 

"The  amount  of  water  that  is  transpired 
by  leaf  surfaces  has  been  estimated  by  Unger 
to  be  33  per  cent  of  the  evaporation  from  an 
equivalent  water  surface  (or  perhaps  30  per 
cent  of  the  rainfall) ;    Sachs  found   36  per 
cent  of  evaporation  from  equivalent  water 
surface  for  white  poplar  and  42%   for  sun- 
flower." 
As  the  leaf  surface  of  plants  is  many  times 
larger  than  ground  surface  which  they  cover, 
the  above  estimates  indicate  that  plant  transpira- 
tion over  any  given  area  is  very  much  greater 
than  water  surface  evaporation  of  an  equivalent 
area. 

Authorities  state  that  crops  in  general  use 
from  400  to  600  times  their  weight  in  water. 
The  U.  S.  Department  of  Agriculture  made  ex- 
periments on  sugar  beets  in  Colorado  and  found 
that  a  very  inferior  crop  of  beets  during  their 
growth  transpired  more  than  500  times  their 
weight  of  water.  This  does  not  include  the  evap- 
oration from  the  soil.  A  good  crop  of  beets 
which  is  now  extensively  raised  on  the  former 
saturated  area  of  Livermore  Valley  will  net  more 
than  15  tons  of  beets  per  acre.  Five  hundred 
times  these  15  tons  is  7500  tons  of  water  per 
acre,  equal  to  a  depth  of  66  inches  of  water 
transpired  in  the  growing  season  of  6  months 
between  February  and  August. 

CONCLUSIONS. 
In  view  of  the  above  given  data  and  all  data 
obtainable  we  are  justified  in  assuming  that : 

1 .  The  evaporation  from  the  area  of  the  Liv- 
ermore Valley  formerly  saturated  and 
supporting  a  dense  growth  of  tules,  wil- 
lows and  wild  celery,  etc.,  was  at  least  66 
inches  per  annum,  and  that  under  the 
present  crop  conditions  the  evaporation 
over  this  area  is  at  least  that  much  per 
annum. 

2.  That  over  the  area  supporting  salt  grass 
and  other  wild  grasses  the  evaporation  is 
proportional  to  the  depth  of  water  table, 
being  at  least  52  inches  when  the  water 
table  is  near  the  surface. 

3.  That  the  water  loss  by  evaporation  ap- 
plicable to  large  water  bodies  in  Alameda 
County  averages  48  inches  per  annum, 
which  in  its  application  to  the  gross  draft 
should  be  reduced  by  that  portion  of  the 
rainfall  over  the  surface  of  the  reservoir 
not  included  in  the  run-off. 
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LOGS  OF  WELLS  IN  THE  LIVERMORE  VALLEY 

Plate  No.  E-1 


We.ll  No.  15~Line  "A." 

Material.  Depth,  feet. 

14-inch  pipe  is  19  feet  deep. 

Soil    4 

Yellow  sandy  clay 11 

Blue  clay 4 

Blue  clay 6 

Yellow  clay 15 

Blue  clay 12 

Blue  gravel 4 

Gravel    12 

Blue  clay 2 

Bottom  well  70  feet  deep. 

Pipe  cut  from  68  to  55  feet. 

Well  No.  2~Line  "B." 

14-inch  pipe  is  20  feet  deep. 

Soil    4 

Blue  clay 34 

Yellow  clay 4 

Tight  gravel 17 

Yellow  clay 1 

Well  60  feet  deep. 

Pipe  cut  from  58  to  45  feet. 

Well  No.  6— Line  "B." 

14-inch  pipe  is  21  feet  deep. 

Soil  5 

Yellow  clay 14 

Blue  clay   8 

Blue  clay 20 

Blue  clay  and  gravel  mixed' 9 

Gravel    ; 4 

Gravel    2 

Yellow  clay 2 

Bottom  of  well  64  feet  deep. 

Pipe  is  cut  from  62  to  50  feet. 

Well  No.  16— Line  "A." 

14-inch  pipe  is  22  feet  deep. 
Soil    5 
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Material.  Depth,  feet. 

Blue  clay  5 

Blue  clay  32 

Blue  sandy  clay 16 

Blue  gravel     13 

Blue  gravel 1 

Soft  blue  clay 15 

Soft  blue  sandy  clay 10 

Blue  sandy  clay 3 

Well  finished  at  100  feet  deep. 

Pipe  cut  from  72  to  58  feet. 

Well  No.  13— Line  "A." 

14-inch  pipe  is  15  feet  deep. 

Soil 4 

Blue  sandy  clay 6 

Blue  clay  16 

Yellow  clay 6 

Blue  sandy   gravel 4 

Sand  and  gravel 16 

Sand  and  gravel 8 

Gravel    2 

Gravel    4 

Hard  blue  clay  finished 1 

Pipe  is  cut  from  66  to  50  feet. 

Well  No.  1—Line  "B." 

14-inch  pipe  is  12  feet  deep. 

Black  bog 4 

Blue  clay 6 

Yellow  clay 5 

Blue  clay 4 

Yellow  clay n 

Sand  and  gravel 5 

Yellow  sand   5 

Coarse  gravel 12 

Cemented  sand 2 

Well  finished  at  54  feet. 

Pipe  is  cut  from  53  to  47  feet. 

Well  No.  10. 

(Under  flow  Sta.  No.  2.) 
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Material.  Depth,  feet. 

Sand  loam 4 

Heavy  loam  3  V2 

Sandy  loam 4% 

Fine  gravel % 

Blue  clay,  changing  to 46 

Yellow  sandy  clay 3 

Gravel    7 

(At  bottom  of  clay,  coarse  gravel  is 
very  tightly  imbedded,  forming  al- 
most hardpan.  This  changes  to  a 
med.  gravel.) 

Well  No.  17. 
(Test  well.) 

Top  soil 6 

Light,  sandy  clay 38 

Hard  bed  clay  and  gravel 1 

Hardpan  and  coarse  gravel 

WeM  No.  18. 

Pit— surf,  soil 27 

Gravel  24 

Yellow  sand  clay 9 

Cement  gravel  8 

Yellow  sand  clay 1 

Gravel  4 

Yellow  sand  clay 5 

Gravel    5 

Yellow  sand  clay 5 

Cement  gravel   2 

Yellow  sand  clay 4 

Gravel    6 

Yellow  sand  clay 2 

Gravel  4 

Yellow  sand  clay 1 

Hard  cement  gravel 44% 

Well  No.  26. 

(TestwellbyS.  V.  W.  Co.) 

Surface  soil  8 

Gravel  and  sand % 

Blue  clay 4I14 

Artesian  gravel   6 

Well  No.  40. 

Soil 3 

Sand    7 

Clay 39 

Gravel    14 

Well  No.  42. 

Soil 5 

Sand  (little  water) 1 


Material.  Deptli,  feet. 

Gray  to  blue,  clay 8 

Blue  clay 7 

Gray  clay  13 

Yellow  sediment 10 

Blue  clay  and  sand 3 

Blue  clay  and  gravel 4 

Coarse  water  gravel 17 

Fine  gravel  and  sand 13 

Yellow  clay 10 

Blue  clay,  somewhat  sandy 5 

Clay  (blue  to  gray) 2 

Gray,  sandy  clay,  mostly  sand 7 

Blue  clay 

(Total  depth,  130  feet.) 

Well  No.  46. 
(Test  well.) 

Blue  clay     8 

Sand  and  gravel 1 

Blue  clay 34 

Yellow  clay 3  V2 

Gravel 

Well  A. 

(At  present  Spring  Valley  W.  Co.) 

Soil 7 

Quicksand   2 

Gray  clay  37 

Well  B. 

(At  present  S.  V.  W.  Co.) 

Soil    4 

Blue  clay 43 

Well  28— Line  "C." 

14-inch  pipe  is  24  feet  deep. 

Soil    3 

Gray  clay    7 

Yellow  clay 10 

Blue  clay     19 

Yellow  clay _ 5 

Gravel 7 

Gravel  7 

Blue  cemented  clay 10 

Well  2~~Line  "C." 

14-inch  pipe  is  24  feet  deep. 

Soil    3 

Blue  clay 21 

Blue  clay 16 

Yellow  cla}'     2 

Gravel  4 
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Material.  Depth,  feet. 

Gravel  clay 5 

Blue  gravel     6 

Blue  cemented  clay 10 

Blue  cemented  clay 3 

Well  finished  at  70  feet. 

Pipe  cut  from  57  to  44  feet. 

Plow  decreased  after  passing  51  feet. 

Well  No.  24— Line  "C." 

14-inch  pipe  is  24  feet  deep. 

Soil 3 

Gray  clay 31 

Yellow  clay 7 

Fine  sand  3 

Gravel 43 

Yellow  clay 3 

Yellow  clay 3 

Gray  clay 4 

Well  finished  at  97  feet. 

Pipe  c\it  from  85  to  45  feet. 

Well  23y2— Line  "C." 

14-inch  pipe  is  30  feet  deep. 

Soil  6 

Blue  clay 11 

Blue  clay 13 

Blue  clay 8 

Gravel    13 

Gravel      3 

Hard  gray  clay 6 

Well  finished  at  60  feet. 

Pipe  cut  from  54  to  38  feet. 

Well  25— Line  "C." 

14-inch  pipe  is  241/2  feet  deep. 

Black  soil     3 

Gray  clay 12 

Gray  clay 20 

Yellow  clay 5 

Yellow  clay 6 

Gravel     . . .  .• 13 

Gravel  '  1 

Hard  blue  clay 15 

Well  is  finished  at  75  feet. 

Pipe  is  cut  from  60  to  45  feet. 

Well  241/2— Line  "C." 

14-inch  pipe  is  30  feet  deep. 

Soil  6 

Blue  clay 24 

Blue  clay     12 

Gravel 13 


Material.  Depth,  feet. 

Yellow  clay 4 

Hard  blue  clay 6 

Pipe  is  cut  from  55  to  42  feet. 

Well  21Y2—Line  "G." 

14-inch  pipe  is  28  feet  deep. 

Black  soil 6 

Blue  clay 14 

Blue  clay 16 

Yellow  clay 3 

Gravel    22 

Cemented  gravel 11 

Cemented  gravel 1 

Clean  gravel 4 

Yellow  clay 4 

Well  finished  at  81  feet. 

Pipe  cut  from  75  to  45  feet. 

Well  20y2—Line  "G." 

14-inch  pipe  is  28  feet  deep. 

Soil  6 

Blue  clay 10 

Blue  clay 21 

Yellow  clay 2 

Clean  gravel 17 

Clean  gravel 9 

Hard  yellow  clay 5 

Well  finished  at  70  feet. 

Pipe  cut  from  65  to  45  feet. 

Well  23y2—Line  "G." 

14-ineh  pipe  is  30  feet  deep. 

Soil  6 

Blue  clay     11 

Blue  clay 13 

Well  23— Line  "G." 

14-inch  pipe  is  25  feet  deep. 

Black  soil  2 

Gray  clay 32 

Yellow  clay 7 

Fine  gravel 16 

Cemented  gravel 7 

Cemented  yellow  clay 21 

Yellow  clay 9 

Blue  clay 12 

Well  finished  at  106  feet. 

Pipe  is  cut  from  57  to  41  feet. 

Well  22y2— Line  "G." 

14-inch  pipe  is  28  feet  deep. 
Soil  6 
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Material.  Depth,  feet. 

Yellow  sandy  clay 6 

Blue  clay 16 

Blue  clay 9 

Clean  gravel 19 

Clean  gravel 1 

Blue  clay 6 

Well  finished  at  63  feet. 

Pipe  cut  from  57  to  45  feet. 

Welll9y2—Line"C." 

14-inch  pipe  is  30  feet  deep. 

Soil  6 

Blue  clay 24 

Blue  clay 13 

Coarse  gravel  11 

Coarse  gravel           3 

Yellow  clay 5 

Blue  clay 10 

Pipe  will  be  cut  from  55  to  43  feet. 

Well  20— Line  "C." 

14-inch  pipe  is  16  feet  deep. 

Black  soil 5 

Yellow  soil 3 

Yellow  clay  . . .  r. 4 

Blue  clay 18 

Blue  clay 6 

Yellow  clay 6 

Fine  gravel 20 

Gravel 5 

Yellow  clay 2 

Bottom  of  well  at  67  feet. 

Pipe  cut  from  64  to  43  feet. 

WellNo.22—Line"C." 

14-inch  pipe  is  16  feet  deep. 

Black  soil 4 

Gray  sandy  clay 6 

Blue  clay 4 

Blue  clay 20 

Yellow  clay 5 

Gravel 12 

Gravel 5 

Yellow  clay 2 

Bottom  of  well  at  57  feet. 

Pipe  cut  from  55  to  43  feet. 

Well  15— Line  "C." 

Gray  clay 4 

14-inch  pipe  is  24  feet. 

Soil  7 

Pine  gravel 7 


Material.  Depth,  feet. 

Gray  clay 27 

Gray  clay 1 

Yellow  clay 3 

Coarse  gravel  13 

Coarse  gravel  9 

Yellow  clay 4 

Yellow  clay 4 

Pipe  is  cut  from  71  to  53  feet. 

Well  17— Line  "C" 

14-ineh  pipe  is  23  feet  deep. 

Soil    9 

Coarse  sand     3 

Gray  clay 11 

Gray  clay  19 

Yellow  clay 3 

Gravel  clay      4 

Gravel   clay      22 

Gravel  clay    5 

Cemented  gravel 6 

Gravel   8 

Clean  gravel    11 

Clean  gravel    11 

Clean   gravel    13 

Hard   yellow   clay 5 

Pipe  is  cut  from  113  to  100  and  from  70  to 
48  feet. 

Well  No.  16— Line  "G" 

14-ineh  pipe  is  28  feet  deep. 

Black  soil  3 

Black  sand 3 

Sandy  gravel   10 

Yellow  clay    5 

Blue  clay    11 

Blue  clay    11 

Yellow  clay    4 

Gravel   13 

Gravel   20 

Gravel   8 

Yellow  clay      2 

Well  is  finished  at  90  feet  deep. 

Pipe  is  cut  from  80  to  50  feet. 

Well  No.  18— Line  "C" 

14-inch  pipe  is  20  feet  deep. 

Black  soil   3 

Black  sandy  clay 3 

Yellow  sand  1 

Gray  sandy  clay 9 

Blue  clay    28 

Sandy  gravel  4 

Loose   gravel    15 
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Material.  Depth,  feet. 

Hard  gravel  7 

liard  gravel  12 

Tight   gravel    9 

Yellow  clay    1 

Well  finished  at  92  feet  deep. 

Pipe  is  cut  from  90  to  46  feet. 

Well  No.  13— Line  "C" 

14-inch  pipe  is  18  feet  deep. 

Soil    ;  3 

Yellow  clay 12 

Blue  clay    3 

Blue  clay    12 

Yellow  clay   13 

Gravel   5 

Gravel   16 

Gravel   1 

Mixed   clay    5 

Well  finished  at  70  feet  deep. 

Pipe  is  cut  from  65  to  45  feet. 

Well  No.  4— Line  "C" 

14-inch  pipe  is  15  feet  deep. 

Soil      1 

Blue  clay  14 

Yellow  clay  5 

Blue   clay  ' 12 

Blue  clay    3 

Gravel   ." 23 

Coarse  clay   6 

Yellow  clay  2 

Well  is  finished  at  66  feet  deep. 

Pipe  is  cut  from  62  to  40  feet. 

Well  No.  12— Line  "C." 

14-inch    pipe    is    12    feet    deep — not 
finished. 

Soil    5 

Yellow  sandy  clay 4 

Yellow  clay   1 

Yellow    sandy    clay    (14-inch    pipe    25 

feet  deep)    2 

Gray  sandy   clay 34 

Blue  sandy  clay ^V2 

Yellow   clay    ^-2 

Gravel   15 

Yellow  clay   2 

Well  is  finished  65  feet  deep. 

Pipe  is  cut  from  63  to  51  feet. 

VYrll  No.  14— Line  "C" 

14-inch  pipe  is  15  feet  deep. 
Adobe 4 


Material.  Depth,  feet. 

Yellow  sandy  clay 7 

Lig-ht  blue  clay 5 

Yellow  clay 24 

Yellow  clay 7 

Gravel   17 

Yellow  clay 4 

Well  is  finished  at  68  feet. 

Pipe  is  cut  from  64  to  57  feet. 

Well  No.  10— Line  "C" 

14-inch  pipe  is  13  feet  deep. 

Soil 5 

Yellow  sand 3 

Sand  clay   21/2 

Mixed  clay   li/o 

Dark  gray  clay 5 

Sandy  clay  23 

Gravel   12 

Gravel   12 

Yellow  clay 2 

Blue  clay 1 

Well  is  finished  at  67  feet. 

Pipe  is  cut  from  64  to  50  feet. 

Well  No.  9— Line"  C" 

14-inch  pipe  is  16  feet  deep. 

Soil 2 

Blue  clay 4 

Yellow  clay 4 

Blue  clay 11 

Yellow  clay 12 

YelloAv  clay 2 

Gravel   24 

Gravel 3 

Yellow  clay 2 

Well  is  finished  at  64  feet  deep. 

Pipe  is  cut  from  62  to  42  feet. 

Well  No.  11— Line  "C" 

14-inch  pipe  is  16  feet  deep. 

Soil , 2 

Blue  clay 3 

Yellow  clay 8 

Blue  clay 27 

Blue  clay 8 

Gravel 12 

Yellow  clay 3 

Well  No.  7— Line  "C" 

14-inch  pipe  is  15  feet  deep. 

Soil  ..    .'. 2 

Blue  clay     6 
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Material.  Depth,  feet. 

Very  fine  gravel 3 

Blue  clay 20 

Blue  clay 2 

Loose  gravel  12 

Tight  gravel  10 

Tight  gravel 6 

Yellow  clay 2 

Well  finished  at  63  feet  deep. 

Pipe  is  cut  from  61  to  45  feet. 

Well  No.  21— Line  "C" 

14-inch  pipe  is  20  feet  deep. 

Soil 2 

Yellow  clay 10 

Blue  clay 22 

Yellow  clay 3 

Yellow  clay 6 

Gravel 12 

Yellow  clay 3 

Well  finished  at  58  feet  deep. 

Pipe  is  cut  from  51  to  45  feet. 

Well  No.  6— Line"  C" 

14-inch  pipe  is  12  feet  deep. 

Blue  clay 5 

Sandy  clay  5 

Blue  clay 4 

Gravel '. ,  7 

Sandy  clay    2 

Blue  clay 2 

Dirty  sand 21 

Gravel 17 

Yellow  clay 3 

Well  is  finished  at  66  feet. 

Pipe  is  cut  from  61  to  41  feet. 

Well  No.  8— Line  "C" 

14-inch  pipe  is  13  feet  deep. 

Soil 2 

Blue  clay 14 

Mixed  clay 18 

Sand  and  gravel 18 

Gravel 10 

Yellow  clay 1 

Blue  clay 1 

Well  is  finished  at  64  feet. 

Pipe  is  cut  from  62  to  40  feet. 

Well  No.  5-^/2— Line  "C" 

14-inch  pipe  is  12  feet  deep. 

Soil   2 

Yellow  clay 7 


Material.  Depth,  feet. 

Blue  clay 6 

Yellow  clay 10 

Yellow  clay     7 

Gravel 12 

Coarse  sand     6 

Gravel        3 

Gravel        3 

Yellow  clay     3 

Well  finished  at  59  feet. 

Pipe  is  cut  from  56  feet  to  50  feet. 

Pipe  is  cut  from  44  feet  to  32  feet. 

Well  No.  19— Line  "G" 

14-inch  pipe  is  17  feet  deep. 

Soil 4 

Yellow  sandj'  clay 11 

Blue  clay     3 

Gray  clay    21 

Yellow  sandjr  clay 4 

Sand  and  gravel 2 

Coarse  cemented  gravel 4 

Loose  gravel  5 

Tight  gravel     2 

Loose  gravel     6 

Gravel  and  clay  mixed 2 

Loose  sand  and  gravel 6 

Gravel  and  clay  mixed 1 

Yellow  clay     1 

Sand  and  gravel 2 

Clav  and  gravel  mixed 3 

Yellow  clay 1 

Well  finished  at  76  feet. 

Pipe  cut  from  60  to  54  feet. 

From  68  and  70  to  72  feet. 

Well  No.  5— Line  "G" 

14-inch  pipe  is  12  feet  deep. 

Soil  and  roots 2 

Blue  clay 10 

Yellow  clay       3 

Yellow  clay 10 

Sand  and  gravel 21 

Yellow  clay 1 

Blue  claj'       1 

Bottom  of  well  at  56  feet  deep. 

Pipe  cut  from  54  to  40. 

Well  No.  1—Linr  "G" 

14-inch  pipe  is  15  feet  deep. 

Soil  and  roots 8 

Blue  clay     3 

Blue  sandy  clay 3 
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Material.  Depth,  feet 

Yellow  sandy  clay 9 

Sand  and  gravel 19 

Sand  and  gravel 3 

Coarse  gravel 5 

Yellow  sand     1 

Gravel   6 

Yellow  clay    13 

Well  is  finished  at  70  feet. 

Pipe  is  cut  from  56  to  54%  feet  and  from 
53  to  511/2  feet. 

Well  No.  3— Line  "G" 

14-ineh  pipe  9  feet  deep. 

Black  bog  2 

Blue  clay    8 

Yellow  clay    , 18 

Yellow  sand       6 

Gravel   6 

Gravel 11 

Yellow  clay 3 

"Well  is  finished  at  54  feet  deep. 

Pipe  cut  from  50  to  38  feet. 

Well  No.  8— Line  "D" 

14-ineh  pipe  is  26  feet  deep. 

Soil 4 

Blue  sand  4 

Blue  sandy  gravel 2 

Blue  clay 2 

Blue  sandy  gravel 8 

Yellow  sand   2 

Blue  sandy  clay 2 

Blue  clay 2 

Blue  clay 4 

Gray  clay   4 

Blue  clay      14 

Yellow  clay 2 

Yellow  sand   1 

Gravel         9 

Gravel 3 

Yellow  clay 1 

Blue  cement  gravel 8 

Hard  blue  cement  and  gravel 8 

Hard  blue  cement  and  gravel 5 

Well  finished  at  85  feet. 

Pipe  is  cut  from  63  to  52. 

Well  No.  4— Line  "D" 

14-inch  pipe  is  20  feet  deep. 

Soil 3 

Blue  clay 5 


Material.  Depth,  feet. 

Yellow  clay     9 

Blue  clay 13 

Blue  clay : 11 

Yellow  clay 3 

Gravel   16 

Yellow  clay 3 

Well  is  65  feet  deep. 

Well  No.  1—Line  "D" 

14-ineh  pipe  is  20  feet  deep. 

Soil 4 

Blue  clay 4 

Yellow  sandy  clay 1 

Blue  clay 2 

Gray  and  blue  clay  mixed 29 

Yellow  clay 4 

Gravel 5 

Coarse  tight  gravel 14 

Yellow  clay 1 

Well  finished  at  64  feet  deep. 

Pipe  cut  from  62  to  46  feet. 

Well  No.  10— Line  "E" 

14-inch  pipe  is  14  feet  deep. 

Soil 3 

Light  blue  clay     30 

Yellow  clay 9 

Yellow  gravel  and  clay  mixed 16 

Yellow  gravel  and  clay  mixed 2 

Well  finished  at  60  feet  deep. 

Pipe  not  cut. 

Well  No.  16— Line  "E" 

14-inch  pipe  20  feet  deep. 

Soil 5 

Yellow  clay 22 

Gravel   8 

Hard  tight  gravel 8 

Gravel   . ,    II/2 

Gravel  and  clay 5% 

Gravel 3 

Hard  cement  clay 5 

Finished  at  58  feet. 

Pipe  not  cut. 

Well  No.  7— Line  "E" 

14-inch  pipe  is  20  feet  deep. 

Soil 4 

Blue  sand   3 

Yellow  sandy  clay 4 

Yellow  sand   5 

Fine  sand  and  gravel 12 
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Material.  Depth,  feet. 

Gravel   4 

Gravel        5% 

yellow  clay    301/2 

Tight  gravel  23 

Yellow  clay 2 

Well  finished  at  93  feet. 

Pipe  is  cut  from  91  to  71  and  37  to  28  feet. 

Well  No.  2— Line  "E" 

14-inch  pipe  is  15  feet  deep. 

Soil 2 

Yellow  clay 11 

Blue  clay 4 

Yellow  clay 5 

Blue  clay 6 

Yellow  clay 12 

Yellow  sand   2 

Gravel 9 

Yellow  sand   3 

Gravel 8 

Gravel 1 

Yellow  clay 3 

Well  finished  at  66  feet  deep. 

Pipe  is  cut  from  63  to  54  feet  and  from  51 
to  42  feet. 

Well  No.  4— Line  "E" 

14-ineh  pipe  is  17  feet  deep. 

Soil         2 

Adobe 3 

Yellow  sandy  clay 5 

Yellow  clay 4 

Yellow  clay   8 

Gravel 13 

Gravel 2 

Yellow  sandy  clay 15 

Dirty  yellow  gravel 4 

Gravel   1 

Yellow  clay     3 

Well  is  finished  at  60  feet  deep. 

Pipe  cut  from  37  to  22  feet. 

Well  No.  5— Line  "E" 

14-inch  pipe  is  15  feet  deep. 

Soil 2 

Blue  clay 6 

Yellow  clay     4 

Yellow  clay 10 

Gravel 8 

Gravel 5 

Yellow  clay 27 


Material.  Depth,  feet. 

Well  No.  1—Line  "E" 

Soil 1 

Black  adobe   4 

Yellow  sandy  clay 10 

Yellow  clay 2 

Gravel   4 

Yellow  clay 20 

Gravel         5 

Loose  Gravel 8 

Tight  gravel 6 

Gravel 2 

Yellow  clay 2 

Well  finished  at  64  feet. 

Pipe  is  cut  from  62  to  42  feet. 

Well  No.  3— Line  "E" 

14-inch  pipe  is  18  feet  deep. 

Soil 2 

Yellow  clay 12 

Blue  clay 11 

Blue  clay 5 

Yellow  clay 2 

Gravel   3 

Yellow  clay 8 

Gravel 10 

Gravel      9 

Yellow  clay 3 

Well  finished  at  65  feet. 

Pipe  is  cut  from  52  to  43  feet. 

Well  No.  15~Line  "F" 

Coarse  gravel 2 

Fine  gravel  and  sand 3 

Gravel   3 

Mixed  clay  gravel 1 

Yellow  clay 3 

Blue  clay     8 

Blue  light  clay 5 

Yellow  clay 4 

Well  finished  at  141  feet. 

Pipe  not  cut. 

Well  No.  8— Line  "F" 

Soil         5 

Gravel   4 

Gravel 6 

Clay 4 

Sand  3 

Clay  3 

Blue  clay 6 

Yellow  clay 9 
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Material.  Depth,  feet. 

Sandy  clay  7 

Sand 4 

Gravel        6 

Clay   2 

Gravel 6 

Yellow  clay 10 

Blue  clay 3 

Gravel 9 

Sand 8 

Gravel 3 

Yellow  clay 10 

Hard  sand (i 

Gravel 2 

Gravel 10 

Yellow  clay     4 

Well  finished  at  130  feet. 

Pipe  not  cut. 

Well  No.  1—Line  "F" 

Yellow  clay     2 

Clay  and  gravel  mixed 3 

Cement  clay   1 

Clean  gravel 6 

Clean  gravel 7 

Clean  coarse  gravel 4 

Coarse  sand    3 

Coarse  gravel 6 

Coarse  gravel  3 

Yellow  clay 3 

Hard  gray  clay 12 

Yellow  cemented  clay   3 

Gravel 5 

Gravel 1 

Yellow  clay    7 

Hard  graj^  clay 7 

Hard  gray  clay -.  . : 8 

10-inch  pipe  is  3  feet  above  ground  surface. 

"Water  is  1%  feet    below    top    of    10-inch 

casing. 

Well  No.  8— Line  "F" 

14-inch  pipe  is  19  feet  deep. 

Soil 5 

Gravel         4 

Gravel         6 

Clay 4 

Sand 3 

Clay 3 

Blue  clay 6 

Yellow  clay 9 

Sandy  clay   7 


Material.  Depth,  feet. 

Sand 4 

Gravel   6 

Clay  2 

Gravel 6 

Yellow  clay 10 

Blue  clay 3 

Sand        8 

Gravel 3 

Yellow  clay 10 

Hard  sand , 6 

Gravel         2 

Gravel   2 

Yellow  clay 4 

Well  finished  at  130  feet. 

Well  No.  28— Line"  F" 

14-inch  pipe  is  29  feet  deep. 

Soil 19 

Fine  gravel 5 

Gray  clay   26 

Blue  clay 2 

Yellow   clay    5 

Gravel  and  rock 45 

Hard  gray  clay 9 

Yellow  sandy  clay 2 

Fine  sand  and  gravel 18 

Blue  clay 15 

Well  No.  1—Line  "F" 

14-inch  pipe  is  20  feet  deep. 

Soil 3 

Dark  clay   17 

Yellow  clay     28 

Sand  and  gravel 5 

Gravel   2 

Yellow  clay 10 

Well  finished  at  65  feet. 

Pipe  not  cut. 

Well  No.  39— Line  "G" 

Soil 2 

Fine  gravel 14 

Hard  gray  clay 24 

Hard  gray  clay 44 

Well  No.  37— Line  "  G" 

14-inch  pipe  is  27  feet  deep. 

Soil 2 

Gravel    13 

Gray  clay    30 

Sand     5 

Gray  clay  17 
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Material.  Depth,  feet. 

Yellow  clay i 

Sand 4 

Gravel 10 

Coarse  sand 7 

Coarse  gravel  16 

Blue  clay 10 

Gravel 18 

Hard  yellow  clay 8 

Hard  yellow  clay 3 

Hard  blue  clay 13 

WenNo.22—Line"F" 

14-incli  pipe  is  30  feet  deep. 

Soil 2 

Fine  sand  and  gravel 12 

Pine  sand  and  gravel 8 

Blue  clay 3 

Blue  clay    31 

Coarse  gravel 1 

Very   coarse    gravel 9 

Coarse  gravel  8 

Coarse  gravel  9 

Coarse  gravel  5 

Yellow  clay    5 

Blue  clay    10 

Blue  clay   1 

Coarse  gravel 9 

Coarse  gravel 1 

Yellow  clay 5 

Blue  clay    19 

Pipe  not  cut. 

Well  No.  15— Line  "F" 

14-inch,  pipe  is  22  feet  deep. 

Light  loam   4 

Dark  loam    2 

Light  sandy  clay 13 

Dark  clay   3 

Sandy  clay  3 

Blue  clay 5 

Gray  sandy  clay 18 

Dark  yellow  clay 3 

Yellow  sandy  ground 4 

Gravel 3 

Coarse  gravel  2 

Gravel  coarse  rock 6 

Clay  and  gravel  mixed 21/2 

Coarse  gravel II14 

Pine  gravel 2 

Clay  and  gravel 1 

Tight  gravel 3 


Material.  Depth,  feet. 

Clay  and  gravel  mixed 1 

Clean  gravel 3 

Clay  and  gravel  mixed 1 

Yellow  clay    2 

Clay  and  gravel  mixed 1 

Gravel   3 

Clay  and  gravel  mixed 1 

Clean    gravel 5 

Clay  and  gravel 1 

Gravel   8 

Well  No.  29~Line  "G" 

14-inch  pipe  is  22  feet  deep. 

Soil 12 

Tough  gray  clay  4 

Tough  gray  clay  23 

Sand   4 

Blue  clay 6 

Blue  clay 3 

Yellow  clay 9 

Blue  clay 3 

Yellow  clay 3 

Gravel    6 

Gravel 18 

Gravel    10 

Yellow  clay 3 

Blue   clay    1 

Blue  clay 3 

Yellow  clay 3 

Coarse  gravel 5 

Coarse  gravel  6 

Clay  and  gravel  mixed 6 

Hard  yellow  clay 6 

Hard  yellow  clay 8 

Hard  gray  clay  8 

Hard  gray  clay 14 

Hard  gray  clay 10 

Yellow  clay 2 

Hard  yellow  clay 6 

Well  finished  at  182  feet. 

Pipe  not  cut. 

Well  No.  13~Line  "G" 

14-inch  pipe  is  16  feet  deep. 

Soil 6 

Yellow  clay   8 

Light  blue  clay 7 

Yellow  sandy  clay 9 

Mixed  clay   40 

Gravel    17 

Gravel    13 

Gravel    15 
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Material.  '  Depth,  feet. 

Gravel    13 

Gravel    1 

Yellow  clay 2 

Well  finished  at  131  feet. 

Pipe  not  cut. 

WellNo.l9—Line"G" 

14-ineli  pipe  is  21  feet  deep. 

Loam   13 

Pine  gravel 7 

Fine  gravel 12 

Dark  gray  clay 2 

Yellow  sandy  clay 2 

Dark  gray  clay 2 

Gray  sandy  clay 10 

Dark  gray  sandy  clay 1 

Gray  sandy  clay 7 

Blue  clay 2 

Yellow  sandy  gray  clay 4 

Light  blue  clay 3 

Light  yellow  clay 6 

Yellow  sand   1 

Fine  gravel 3 

Coarse  gravel  1 

Hard  gravel   % 

Yellow  clay 1 

Yellow  clay 1 

Clay  and  gravel  mixed 1 

Gravel 4 

Gravel 4 

Clay  and  gravel 2 

Tight  gravel   3 

Tight  gravel   10 

Tight  gravel 6 

Yellow  clay 1 

Yellow  gravel  and  cement 1 

Blue  clay         2 

Blue  clay 8 

Yellow  clay 1 

Hard  yellow  clay 4 

Dirty  gravel   1 

Gravel 13 

Gravel 2 

Yellow  clay 2 

Well  finished  at  145  feet. 

Pipe  not  cut. 

Well  No.  10— Line  "G" 

14-inch  pipe  is  18  feet  deep.^ 

Soil ■. ' 6 

Dark  clay   10 


Material.  Depth,  feet. 

Yellow  clay 6 

Dark  clay  3 

Yellow  clay 9 

Dark  clay  14 

Yellow  claj' 23 

Gravel 6 

Yellow  clay 2 

Blue  clay 7 

Gravel   4 

Gravel 16 

Gravel   9 

Clay  6 

Well  finished  at  121  feet. 

Well  No.  7— Line  "G" 

14-inch  pipe  is  23  feet. 

14-inch  pipe  not  cut. 

Light  soil 7 

Dark  ground 3 

Dark  ground 2 

Yellow  sandy  ground 9 

Dark  clay  3 

Dark  gray  sandy  clay 10 

Yellow  sandy  clay 5 

Yellow  sand   2 

Pine  loose  gravel 3 

Hard  gravel  1 

Yellow  clay 1 

Gravel   1 

Gravel 8 

Hard  gravel  4 

Yellow  sand   2% 

Gravel   11/2 

Yellow  clay 1 

Blue  clay 1 

Well  finished  at  65  feet  deep. 

Pipe  not  cut. 

Blue  clay 2 

Yellow  clay 15 

Gravel 20 

Gravel 5 

Clay 2 

Hard  cement 1 

Well  finished  at  110  feet. 

Well  No.  U—Line  "G" 

14-inch  pipe  is  22  feet  deep. 

Dark  loam 15 

Tough  clay  4 

Gray  clay 23 

Sand 3 
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Meterial.  Depth,  feet. 

Gray  clay 4 

Gray  clay 12 

Fellow  clay 7 

Coarse  gravel     10 

Coarse  gravel 9 

Coarse  gravel 16 

Coarse  gravel     10 

Blue  clay    2 

Blue  clay    17 

Blue  clay     7 

Gravel  3 

Gravel   4 

Yellow  clay 6 

Yellow  clay 1 

Blue  clay    4 

Blue  clay    5 

Well  No.  1—Line  "G" 

14-inch  pipe  is  30  feet  deep. 

Light  loam   4 

Dark  loam 2 

Yellow  sandy  clay 9 

Dark  gray  clay 15 

Gray  sandy  clay 12 

Yellow  sandy  clay 1 

Yellow  sand   2 

Sand  and  gravel 2 

Gravel   8 

Hard  tight  gravel 12% 

Yellow  clay     2i/o 

"Well  finished  at  70  feet  deep. 

Pipe  not  cut. 

Well  No.  1—Line  "H" 

14-inch  pipe  is  15  feet  deep. 

Soil 4 

Mixed  sand 3 

Fine  gravel 4 

Yellow  sandy  clay 3 

Hard  yellow  clay 2 

Soft  gray  clay 11 

Hard  gray  clay 4 

Yellow  sandy  clay 2 

Yellow  sand   1 

Pine  loose  gravel 6 

Pine  loose  gravel 6 

Coarse  gravel  13 

Coarse  gravel 5% 

Yellow  clay    li/i 

Well  finished  at  66  feet. 

Pipe  not  cut. 


Material.  Depth,  feet. 

Well  No.  6~Line  "I" 

14-inch  pipe  is  20  feet  deep. 

Soil 2 

Light  blue  clay 18 

Light  blue  clay 9 

Gravel 6 

Yellow  clay 15 

Yellow  clay  and  gravel  mixed 10 

Clean  gravel 5 

Clean  gravel       10 

Gravel 2 

Clay  1 

Well  finished  at  78  feet. 

Pipe  cut  from  77  feet  to  60  feet. 


Well  No.  2— Line  "I" 

14-ineh  pipe  is  20  feet  deep. 

Soil 

Black  adobe      

Yellow  clay       

Yellow  clay       

Gravel        

Gravel 

Tight  gravel     

Tight  gravel     

Cement  clay   

Well  finished  at  81  feet. 

Pipe  is  cut  from  80  feet  to  50  feet. 

Well  No.  25— Line  "H" 

14-inch  pipe  22  feet  deep. 

Sand 

Soft  gray  claj' 

Hard  gray  claj' 

Yellow  clay         

Sand 

Clean  coarse  gravel 

Clay  and  gravel  mixed 

Coarse  gravel 

Gravel  and  rock 

Coarse  gravel 

Light  gray  clay 

Hard  blue  clay     

Pine  sand     

Pine  gravel 

Yellow  clay 

Blue  clay 

Well  finished  at  157  feet. 
Pipe  not  cut. 

Well  No.  7— Line  "E" 

14-inch  pipe  is  75  feet  deep. 
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Material.  Depth,  feet. 

Soil 6 

Clay  20 

Blue  sandy  clay 6 

Pine  gravel 2 

Yellow  clay 31 

Yellow  clay 9 

Fine  gravel 13 

Coarse  gravel 13 

Coarse  gravel  7 

Yellow  clay 3 

Well  finished  at  110  feet  deep. 

Pipe  is  not  cut. 

Well  No.  20— Line  "M" 

14-incli  pipe  is  25  feet  deep. 

Soil 3 

Yellow  sandy  clay 15 

Gray  clay 39 

Gravel 10 

Clean  gravel 9 

Clean  gravel 6 

Yellow  sandy  clay 9 

Sand  and  fine  gravel 12 

Blue  cemented  gravel 5 

Hard  yellow  clay 24 

^Yell  No.  4— Line  "I" 

14-inch  pipe  is  20  feet  deep. 

Soil 2 

Yellow  clay 13 

Blue  clay 5 

Hard  blue  clay  mixed 24 

Hard  blue  clay  mixed 1 

Gravel 18 

Tight  gravel  11 

Tight  gravel 6 

Yellow  clay 1 

Well  is  81  feet  deep. 

Pipe  cut  from  50  to  86  feet. 

Well  No.  5— Line  "M" 

14-inch  pipe  25  feet  deep. 

Black  soil 2 

Yellow  sandy  clay 18 

Tough  graj^  clay 19 

Sand  and  gravel 11 

Gravel 22 

Hard  yellow  clay 11 

Gravel    10 

Yellow  clay 4 

Blue  clay 20 

Last  run  a  light  change  to  yellow  clay. 


Material.  Depth,  feet. 

Well  No.  21— Line  "L" 

Sandy  loam 15 

Gray  clay 9 

Gray  clay 13 

Yellow  clay 7 

Fine  gravel 2 

Blue  clay 16 

Hard  yellow  clay 8 

Gravel 8 

Gravel 3 

Gravel  and  clay  mixed 3 

Gravel 19 

Yellow  clay 4 

Blue  clay 8 

Yellow  clay 2 

Coarse  gravel 10 

Yellow  clay  and  gravel  mixed 5 

Gravel 9 

Yellow  clay 1 

Hard  yellow  clay 8 

Hard  gray  clay 38 

Hard  yellow  clay 6 

Cemented  clay  and  gravel 2 

Pipe  not  cut. 

Well  No.  15— Line  "M" 

14-inch  pipe  26  feet  deep. 

Soil 6 

Sand    9 

Yellow  clay 5 

Blue  clay 3 

Blue  clay 29 

Gravel 2 

Coarse  gravel 30 

Gray  clay 5 

Sand  and  fine  gravel 21 

Yellow  clay 2 

Fine  cemented  gravel 29 

Well  No.  10— Line  "M" 

14-inch  pipe  is  22  feet  deep. 

Black  soil     4 

Sand 7 

Gray  sandy  clay 7 

Gray  clay 27 

Coarse  sand 5 

Gravel 21 

Blue  clay 5 

Sand  and  gravel 7 

Gravel      6 

.  Sand  and  gravel 9 

Yellow  clay    n 
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Material.  Depth,  feet. 

Fine  gravel    15 

Yellow  cemented  clay 3 

Yellow  sand  4 

Yellow  cemented  gravel 19 

Well  No.  2 

Sandy  loam    16 

Blue  clay   13 

Gravel   5 

Blue  clay   11 

Soft  clay  and  gravel 18 

Well  iSo.  5 

(Similar  to  row  west  of  hop  yard.) 

Sediment,  top-soil   17 

Stiff  clay,  dark 18 

Mud  and  clay 15 

Fine  gravel 22 

Coarse  gravel  18 

Well  No.  7 

(Under  Flow  Station  No.  1.) 

Surface  soil    8 

Blue   clay    41 

Med.  gravel,  tightly  packed 4 

Gravel     8 

Well  No.  9 

Soil 14 

Clay  46 

Gravel   10 

Log  of  old  well  100. 

Yards  South  of  No.  9 

Soil 16 

Sand  and  clay  2 

Blue  clay    16 

Gravel  and  sand % 

Blue  and  gray  clay 28 

Sand 2 

Gravel   2 

Well  No.  11 

Soil 8 

Sand  and  gravel 12 

Clay  30 

Gravel   4 

Well  No.  13 

(Under  flow  Station  No.  3.) 

Top  soil  (yellowish,  sandy) 10 

Clay  17 

Blue  clay % 


Material.  Depth,  feet. 

Gravel   . .    . ' 51/^ 

Well  No.  14. 
(Test  well.) 

Top  soil  (hardpan-gravel) 9 

Sandy  clay  28 

Well  No.  15 
(Test  well.) 

Top  soil 5 

Coarse  sand 8 

Red  sandy  clay  49 

Hardpan  (gravel)   

Well  No.  16 

Adobe 2 

Sandy  loam   5 

Sand  and  gravel 1 

Brown  clay 4 

Yellow  sand  clay 13 

Gravel   9 

Yellow  sand  clay 2 

Gravel  and  sand 9 

Yellow  sand  clay 6 

Gravel   11 

Well  No.  10 

(Under  flow  Station  No.  2.) 

Sand  loam 4 

Heavy  loam   314. 

Sandy  loam 4% 

Fine   gravel    % 

Blue  clay   46 

Yellow  sandy  clay 3 

Gravel    7 

(At  bottom  of  clay,  coarse  gravel  is  very 

tightly  imbedded,   forming  almost  hard- 
pan.     This  changos  to  a  med.  gravel.) 
Well  No  17 

(Test  well.) 

Top  soil 6 

Light,  sandy  clay 38 

Hard  bed  clay  and  gravel 1 

Hard,  coarse  gravel 

Well  No.  18 

Pit,  surf,  soil 27 

Gravel 24 

Yellow  sand  clay 9 

Cement  gravel   8 

Yellow  sand  clay 1 

Gravel   4 

Yellow  sand  clay 5 

Gravel   5 
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Material.  Depth;  feet.  Material. 

Yellow  sand  clay 5         Well  B 

Cement  gravel   2 

Yellow  sand  clay 4 

Gravel   6 

Yellow  sand  clay 2 

Gravel 4 

Yellow  sand  clay 1 

Hard  cement  gravel 44% 

Well  No.  26 

(Test  well  by  S.  V.  W.  Co.) 

Surface  soil   8 

Gravel  and  sand % 

Blue  clay 411/4 

Artesian  gravel   6 

Well  No.  40 

Soil 3 

Sand 7 

Clay  39 

Gravel 14 

Well  No.  42 

Soil 5 

Sand  (little  water) 1 . . 

Gray  to  blue,  clay 8 

Blue  clay 7 

Gray  clay   13 

Yellow  sediment 10 

Blue  clay  and  sand 3 

Blue  clay  and  gravel 4 

Coarse  water  gravel 17 

Pine  gravel  and  sand 13 

Yellow  clay 10 

Blue  clay,  somewhat  sandy 5 

Clay  (blue  and  gray) 2 

Gray  sandy  clay,  mostly  sand 7 

Blue  clay    25 

(Total  depth  =  130  feet.) 

Well  No.  46 

(Test  well.) 

Blue  clay   8 

Sand  and  gravel 1 

Blue  clay 34 

Yellow  clay 31/2 

Gravel    

Well  A 

(At  present  S.  V.  W.  Co.) 

Soil 7 

Quicksand 2         Well  F 

Gray  clay  37             Soil 


Depth,  feet. 


(At  present  S.  V.  W.  Co.) 

Soil 4 

Blue  clay    43 

Well  No.  34 

Surface  soil   18 

Clay  1/2 

Gravel  and  fine  sand  (loose  quicksand) 

Well  No.  36 

Soil 1 

Sand   9 

Clay(  yellow)  39 

Gravel   3 

Well  No.  38 

Surface  soil    38 

Gravel  (Med.)    6 

Well  G 

Soil 7 

Quicksand   4 

Blue  clay 13 

Gravel    17 

Blue  clay 24 

Hardpan   2 

Gravel 38 

Blue  clay 41 

Gravel        , 10 

Blue  clay 24 

Quicksand 5 

Gravel        7 

Blue  clay     2 

Gravel  rock 12 

Blue  clay  and  rock 5 

Gravel  and  rock 3 

Well  D 

Soil ■ 6 

Sand 

Quicksand  4 

Blue  clay 37 

Gravel    25 

Clay  and  sand 30 


Well  E 

Soil 

Quicksand 
Clay  .  .    .  . 
Gravel 


o 

4 
37 

4 
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Material.  Depth,  feet. 

Clay   18 

Hardpan   14 

Gravel   3 

WellG 

Soil    2 

Clay  and  rocks   , 40 

Gravel  and  hardpan 18 

Blue  clay   90 

Gravel    3 

Soapstone,  blue   25 

Well  H 

Soil    2 

Clay   6 

Quicksand  3 

Clay  sand  9 

Hardpan   39 

Blue  clay    18 

Quicksand  4 

Hardpan   32 

Blue   clay 43 

Sand  rock  84 

Blue  clay  and  shale 35 

Well  No.  49 
Well  of  Theo.  Gier  Wine  Co.  on  place 
of  Blaise  Cortade. 

(Sunk  by  Brenzle) 

All  gravel  and  no  clay 60 

Does  not  flow. 

Well  No.  48 
Well  of  Theo.  Gier  Wine  Co.  on  place 
of  Blaise  Cortade. 

(Sunk  by  Brenzle) 

Hard  gravel  and  clay 60 

Pure  yellow  clay 110 

Quicksand  4 

Then  tapped  a  flow. 
Artesian  well  flows  year  around. 

Well  No.  50 
Well  of  Theo.  Gier  Wine  Co.  on  main 
ranch. 

(Sunk  by  Brenzle) 

Clay  40 

Gravel    20 

Water  at  bottom  of  gravel. 

Well  No.  51 
Well  of  Samuel  Jackson 
Gravelly  soil 15-20 


Material.  Depth,  feet. 

Clay   5 

Gravel    35 

Water  rises  to  within  6  feet  of  top. 

Well  No.  52 
M.  Lopez  well 

Sandy  soil 14 

Clay   2 

Gravel  and  quicksand 24 

Depth    40 

(Water  within  12  feet  of  surface  now, 

and  never  more  than  19  feet  from 

surface.) 

Well  No.  36 
Remillard  Brick  Go's  well 

Pure  gravel 46 

Clay  (hard  yellow) 6 

Plenty  of  water.     Did  not  go  through 

clay. 
Well  was  in  bottom  of  creek,  hence  no 

soil. 
Gravel  from  smallest  grain  to  size  of 

fist — ^none  larger. 
Franciscan  material. 

Well  No.  53 

Mr.  Scrivner  's  well 

Soil 30 

Gravel      35 

Lots  of  water. 

Well  No.  54 
Grant  Gravel  Co. 's  well 

Clean  gravel 50 

Hard  yellow  clay 7 

Remainder  clay  and  gravel 28 

Depth 85 

Dug  in    bottom   of   creek.      First   was 

blue  gravel,  second  was  brown  gravel 

mixed  with  clay. 

Well  No.  55 
Mr.  Stoeven's  well 

Sandy  loam 20 

Clean  gravel,  no  clay 50 

Well  No.  56 
Mr.  W.  J,  Holmes'  well 

Soil 4 

Black  loam  with  pebbles 12 

Red  clay 10 

Clay,  with  pebbles  which  increase  in 
size  with  depth 30 
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Material.  Depth,  feet. 

Remainder  water-bearing  gravel 56 

Depth 112 

Struck  strong  flow  at  bottom  of  well 
and  lost  all  tools.    Uses  windmill. 

Well  No.  57 
Mr.  Holmes,  Sr.  well 

(Sunk  by  Brenzle) 

Clay   70 

Clay  and  gravel 40 

Well  No.  58 
Jacob  Rees'  well 

(Sunk  by  Brenzle) 
Gravel  and  clay  mixed 60 

Well  No.  59 
Mr.  James  A.  Bennet's  well 
(Sunk  by  Brenzle) 
Gravel  and  soil  mixed 80 

Well  No.  60 
Mr.  J.  Waggoner's  well 

Black  gravelly  soil 4 

Coarse  gravel  with  clay 56 

Clear  clay 12 

Gravel   5 

Depth 77 

Well  No.  60  (a) 
Mrs.  Preedenstall's  well 
(Sunk  by  Draghi) 

Loamy  soil 2 

Hard  clay  with  very  little  gravel  mixed 
Gravel  and  clay  mixed,  mostly  gravel.     20 

Pure  clay     30 

Water-bearing  fine  sand 6 

Pure  water  gravel 18 

(No    mud.)      Did    not    go    through 
gravel. 

Well  No.  61 
Mr.  Ludwig's  well 

(Sunk  by  Draghi) 

Clay  and  gravel 50 

Blue  clay 50 

Blue  hard  conglomerate 50 

(Probably  compact  gravel.) 

Well  No.  62 
Mr.  Sweeney's  well 

(Sunk  by  Draghi) 

Loose  gravel 6 

Clay  and  gravel 34 

Pure  yellow  clay 15 


Material.  Depth,  feet. 

Loose  gravel  10 

Hard  conglomerate  95 

Loose  gravel 2 

Hard  conglomerate  to 212 

Well  No.  63 
Mr.  Draghi 's  well 

(Sunk  by  Draghi) 

Black  soil  and  gravel 6 

Yellow  clay  and  gravel 46 

Water  gravel   4 

Clay  and  gravel 20 

Depth 76 

Well  No.  64 
Mr.  Huddleson's  well 

(Sunk  by  Draghi) 

Gravel  and  soil 15-20 

Gravel  and  clay  mixed 40 

Hard  yellow  clay 2 

Depth 57 

(Water  in  gravel  below) 

Well  No.  65 
Mr.  C.  A.  Smith's  well 
(Sunk  by  Draghi) 

Loose  gravel  20 

Yellow  clay 25 

(Not  very  hard) 

Clay  and  gravel 10 

Sand 1 

Gravel  and  clay  to 62 

Remainder  in  hard  clay 5-6 

Well  No.  66 
Mr.  Maguire's  well 

(Sunk  by  Draghi) 

Gravel  and  loam 12 

Clay  18 

Loose  gravel  with  water 15 

Clay  10 

Clay  and  gravel  about 10 

Depth 55 

(Very  good  well) 

Well  No.  67 
Mr.  C.  True's  well 

(Sunk  by  Brenzle) 

Hard  yellow  clay 110 

Then  gravel  and  water. 

Well  No.  68 
Captain  J.  Miller's  well 
(Sunk  by  Brenzle) 
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Material.  Depth,  feet. 

Gravel  and  clay 72 

Mixed  to  bottom. 

Well  No.  69 
Mr.  H.  Mangel's  well 

(Sunk  by  Brenzle) 

Depth      47' 6" 

Water  (from  surface) 14 

(Brenzle  says  all  gravel  and  clay.) .     60 

Well  No.  70 
Mr.  Maldonado's  v?ell 

(Sunk  by  Brenzle) 

Depth  (all  gravel) 40 

Water  from  top 4 

Well  No.  71 
Mr.  Bissell's  well 

(Two  wells  about  60  yds.  apart) 
(iSunk  by  Brenzle) 
Well  No.  1  on  upper  bench  near  house 

Gravel  and  soil 22 

(Not  water-bearing) 

Blue  and  yellow  clays 22 

(Mixed,  each  layer  4  to  5'  thick) 

Gravel — ^water-bearing 12 

Water  comes  to  23'  of  surface. 
Yellow  clay  with  trace  of  small  gravel 

mixed 15 

Dry  clay  129 

Depth    200 

(This  well  pumps  20,000  gals,  every 
24  hours.  Water  from  12'  water- 
bearing gravel.) 

Well  No.  72 
Mr.  Bissell's  well 

(Sunk  by  Brenzle) 
Well  No.  2  on  lower  bench,  which  is 
19'  thick.     Dug  well. 

Depth 16 

Water     nearly    at    surface.       Never 
goes  dry. 
All  in  gravel 16 

Well  No.  73 
Livermore  Water  &  Power  Co.'s  well 

(Sunk  by  R.  Wiley) 
Well  No.  1 

Blue  clay 7' 

(Water  4'  from  surface) 

Blue  clay  with  old  roots 2' 

Blue  clay  is  gritty 3' 


Material.  Depth,  feet. 

Yellow  clay  with  small  gravel 1'  5" 

Coarse  gravel  and  yellow  clay 0'  6" 

Loose  gravel   2'  0" 

Fine  sand 2'  0" 

Yellow  clay  2'  0" 

Fine  sand  mixed  with  clay 4'  0" 

Fine  sand 0'  6" 

Coarse  sand     0'  6" 

Fine  sand 5'  0" 

Fine  sand 4'  0" 

Yellow  clay 12'  0" 

Reddish  clay 2'  0" 

Yellow  clay  (very  dry) 2'  0" 

Depth   50'  3" 

(Drilling  was  stopped  here) 

Well  No.  74 

Livermore  Water  &  Power  Co's  well 
Las  Positas  Springs  Test  Well  No.  2 
(300  to  500  ft.  from  well  No.  1) 

Adobe  7'  0" 

Blue  clay— old  roots 3'  0" 

Light  blue  clay— gritty 3'  0" 

Sandy 

Loose  gravel — coarse  5'  0" 

Medium  fine  gravel  and  sand 4'  0" 

Yellow   clay    2'  0" 

Yellow   clay— gritty    8'  0" 

Yellow  sand,  rock,  dust 2'  0" 

Sand  rock  dry   2'  0" 

Yellowish  red  clay     2'  0" 

Bluish  yellow  clay    4'  0" 

Clay  and  gravel   3'  0" 

Bluish  clay  and  sand 2'  5" 

Stiif  red  clay 1'  0" 

Stiff  red  clay 1'  5" 

Depth   50'  0' 

Well  No.  75 
Joe  Brown's  well 

(Sunk  by  Lefever) 

Sandstone  and  water 340' 

Hard  sandstone   640' 

(This  is  an  artesian  well.) 

Well  No.  76 
Mr.  Jas.  Anderson's  well 
(Sunk  by  Brenzle) 

Yellow  and  blue  clay 20' 

Sand  and  gravel 30' 

Yellow  clay  with  small  gravel 25' 

Hard  yellow  clay 8' 
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Material.  Depth,  feet. 

Yellow  clay  with  small  sand  mixed . . .   82' 

Hard  yellow  clay 10' 

Gravel  with  artesian  water 6' 

Blue  clay  with  small  gravel  mixed . .     40' 

Blue  clay,  hard 66' 

Loose  sand,  good  flow  water 10' 

Brown  clay  10' 

Blue  clay 10' 

Black     sand     (water-bearing     129,000 

gals,  per  day) 

Hard  blue  clay 13' 

Blue  sand  and  clay 26' 

Gray  clay,  hard 10' 

Hard  clay   16' 

Loose  sand  and  water 9' 

Depth   398' 

(Flows  slowly  from  this  depth.) 

Well  No.  77 
Livermore  Pottery  well 
(Sunk  by  Draghi) 

Clay  and  gravel 48' 

Loose  gravel   2' 

Clay  and  gravel 50' 

Well  No.  78 
Mr.  James  Whalen's  well 

Clay  soil    12' 

Gravelly  loam 24' 

Hard  yellow  clay  10' 

Gravel   6' 

Well  No.  79 
Schween  Co.'s  well 

Gravelly  soil  20' 

Gravel  and  clay  15' 

Pure  clay 10' 

Pure  gravel     6' 

Well  No.  SO 
Mr.  Freitas'  well 

(Sunk  by  Oxsen) 

Loamy  soil 30' 

Yellow  soft  clay 15' 

Hard  yellow  clay 3' 

Water  gravel 5' 

Water  is  15'  below  surface. 

Well  No.  81 
Ben  Oxsen 's  well 

(Sunk  by  Oxsen) 

Gravel — ^no  clay  58' 

Water  6  to  7'  from  surface. 


Material.  Depth,  feet 

Well  No.  82 

C.  R.  Nissen's  well 

(Sunk  by  Brenzle) 

Loam  (black)    5'  6" 

Clay    5' 

Gravel      22' 

Water  6'  from  surface. 

Well  No.  83 
F.  H.  Green's  well 

Depth   10' 

Water  7'  to  8'  from  surface. 
No  gravel. 

Well  No.  85 
H.  M.  Jorgensen's  well 
(Sunk  by  Brenzle) 

Gravel  and  soil  mixed 28' 

Sand,  gravel  and  clay 71' 

Water  28'  below  surface. 

Well  No.  86 
Albert  Cojemann  , 

(Sunk  by  Brenzle) 

Red  clay  and  gravel 140' 

(Coarse  gravel) 
(Water  40'  below  surface) 

Well  No.  87 
Otto  Ramkie  's  well 

(Sunk  by  Brenzle) 

Loam,  gravelly  soil 30' 

Gravel    20" 

Gravel — water-bearing    10' 

Water  stands  35'  below  surface. 

Well  No.  88 
Morx  Ramkie 's  well 

(Sunk  by  Brenzle) 

Loam,  gravelly  soil 30' 

Gravel 20' 

Water,  gravel  10' 

Water  stands  35'  below  surface. 

Well  No.  89 
John  Galloway  Sr.  well 

(Sunk  by  Brenzle) 
Alternate  strata  of  sand  and  clay. ...   90' 
Sand  1  to  5'  thick 
Clay  5  to  10'  thick 
Water  14'  from  surface 

Well  No.  90 
John  Galloway  Jr.  well 
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Material. 

(Sunk  by  Brenzle) 

Clay 

Gravel  and  clay  mixed 

Water  is  25'  below  surface 

Well  No.  91 
Dan  Enman's  well 

(Sunk  by  Brenzle) 

Gravel  and  clay  mixed 

Water  50'  below  surface 
First  water  was  struck  at  50' 

Well  No.  92 

Holmes,  Sr.,  well 
(In  field  %  mile  south  of  house) 
(Sunk  by  Brenzle) 

Clay     

Gravel,  clay  and  boulders 

Water  rose  to  70'  of  surface 

Well  No.  93 
Pete  Kruger's  well 

(Sunk  by  Brenzle) 

Loam 

Red  clay  and  gravel 

Very  little  water 

Well  No.  94 

DeWitt  Dougherty's  well 
(Sunk  by  Brenzle) 

Red  gravel  and  clay  mixed 

No  water 
Well  No.  95 

Mr.  Cassidy's  well 


Depth,  feet. 


45' 
63' 


90' 


70' 
50' 


20' 


70' 


Material.  Depth,  feet. 

(Sunk  by  Brenzle) 

Gravel 10' 

Clay  and  gravel 30' 

Loam,  gravel  and  sand 70' 

This  is  up  in  the  soft  Miocene  country. 

Well  No.  96 
H.  P.  Mohr's  well 

(Sunk  by  Oxsen) 

Loamy  soil 30' 

Gravel 10' 

This  well  was  never  artesian. 
A  well  belonging  to  Mohr  about  %  mile 
north   of  this  well  was   artesian  in 
1909  and  1911. 

LOGS  OP  SUNOL  WELLS. 

Between  Scott's  Corner  and  Water  Temple. 

Well  No.  1 

Gravel  37' 

Sand  and  clay 14' 

Gravel  29' 

Clay  and  gravel 18' 

Shale   23' 

Well  No.  2 

Soil   9' 

Gravel 31' 

Sand  23' 

Gravel  62' 

Clay    11' 

Gravel   26' 

Shale   48' 


Appendix  F. 


REPORT  ON  COYOTE  RIVER  SYSTEM 


BY 
H.   MONETT, 

Assistant  Engineer,  Spring  Valley  "Water  Company. 


The  upper  Coyote  River  and  its  tributaries 
has  a  watershed  whose  topography  is  very  simi- 
lar to  that  of  Calaveras  Creek.  The  upper 
reaches  of  the  Coyote  River  watershed,  to 
the  south  of  Mt.  Hamilton  and  ranging  in  ele- 
vation from  3600  feet  in  the  extreme  northern 
part  to  about  500  feet  in  the  south,  is  in  the 
north  as  effective  a  water-producer  as  the  Cala- 
veras territory.  In  the  extreme  south  this  pro- 
ductiveness is  probably  diminished  materially, 
but  over  a  range  of  country  stretching  from  the 
Spring  Valley  Water  Company's  proposed  dam- 
site  "D, "  as  shown  on  the  map,  Plate  (F-A-1), 
to  the  ridge  separating  this  watershed  from  that 
of  Calaveras  the  rainfall  is  comparatively  high 
and  the  percentage  of  available  run-off  is  above 
the  average  for  this  region  of  California. 

Rainfall. 

Prom  the  rainfall  data  collected  by 
Messrs.  Haehl  and  Toll  and  published  in  Vol.  61 
of  the  Transactions  of  the  American  Society  of 
Civil  Engineers  (pages  531-532),  a  portion  of 
the  rainfall  data  shown  on  Plate  (P-A-1,  F-A-2) 
was  obtained.  There  are  records  of  thirteen  sta- 
tions covering  from  two  to  seven  seasons 
within  the  115  square  miles  of  watershed,  the 
drainage  area  above  the  proposed  damsite  desig- 
nated as  damsite  "D"  by  the  Spring  Valley 
Water  Company.  These  13  station  records  have 
been  expanded  over  63  years  by  means  of  per- 
centage comparisons  with  the  means  of  two  sec- 
ondary base  stations,  San  Jose  and  Gilroy,  these 
two  stations  being  previously  expanded,  as  sec- 
ondary base  stations,  to  cover  a  63-year  period 
by  comparison  with  San  Francisco,  the  longest 
rainfall  record  available  in  these  parts. 


This  percentage  comparison  was  made  as  fol- 
lows: The  actual  records  of  San  Jose  and  Gil- 
roy cover  a  period  of  38  years,  from  1874-75  to 
1911-12.  Computing  the  ratios  of  the  means  of 
these  two  stations  to  the  mean  of  San  Fran- 
cisco, the  primary  base  station  for  the  same 
period,  we  have  two  factors  to  use  in  multiply- 
ing the  remainder  of  the  San  Francisco  record 
from  1849-50  to  1874-75,  which  gives  us  a 
continuous  estimated  and  actual  rainfall  record 
for  the  two  secondary  base  stations  (San  Jose 
and  Gilroy)  for  the  63  years,  1849-50  to  1911-12. 
A  mean  of  these  two  records  gives  a  composite 
base  upon  which  the  48  records  shown  on  Plate 
(F-A-2)  were,  by  a  method  similar  to  that  de- 
scribed above,  expanded  for  the  same  63-year 
period. 

The  method  above  described  is  in  conformity 
with  the  best  engineering  practice  of  treating 
rainfall  records,  having  been  frequently  used  by 
engineers  experienced  in  studies  of  rainfall  and 
run-off  in  this  vicinity,  and  probably  gives  the 
most  reliable  results  where  long  period  rainfall 
records  are  not  available. 

An  inspection  of  Plate  (F-A-1)  shows  the 
thoroughness  with  which  this  rainfall  survey  was 
made,  all  possible  areas  where  local  conditions 
might  vary  the  seasonal  precipitation  being 
covered. 

The  13  stations  inside  the  115  square  miles  of 
watershed  under  consideration  vary  from  a 
minimum  of  17.36  inches  to  a  maximum  of  33.37 
inches  in  the  neighborhood  of  Mt.  Hamilton. 
The  stations  being  well  scattered  over  the 
watershed,  it  is  a  fair  assumption  to  use  the 
mean  of  these  13  gagings  as  the  mean  rain- 
fall over  the  area  considered.  This  mean  is 
26.56  inches. 
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LOCAT/ON  or RA/Nf=ALL  STAT/ONS 
ALONG  COYOTE  R/V£R. 


PLAT£-/=-A/. 


THE    COYOTE    CATCHMENT    AREA    LIES    JUST     SOUTH    OF    MT.   HAMILTON.     MANY    RAINFALL 
RECORDS    HAVE    BEEN   TAKEN    IN    THIS    VICINITY. 


®  Indicates  rainfall  record. 
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The  Griiroy  station,  being  in  the  immediate 
vicinity,  is  the  best  available  index  of  the  rain- 
fall over  this  watershed  for  periods  not  covered 
by  the  records  within  the  watershed,  and  its 
actual  mean  of  19.95  inches  was  multiplied  by 
the  factor  1.331  (the  ratio  of  26.56  to  19.95)  in 


order  to  give  the  proper  value  to  each  successive 
year  in  the  mean  rainfall  over  the  entire  area. 
Having  a  complete  table  (shown  below)  of  the 
probable  mean  rainfall  over  this  area  from 
1849-50  to  1911-12  as  given  here,  the  run-off 
conditions  are  as  follows : 


TABLE    SHOWING   EXPANDED    GILROY    RAINFALL, 
SAN  FRANCISCO   USED  AS   A  BASE    STATION. 


Gilroy 
Season —  Rainfall. 

1849-50 28.62 

1850-51 6.42 

1851-52 15.96 

1852-53 30.48 

1853-54 20.64 

1854-55 20.54 

1855-56 18.72 

1856-57 17.21 

1857-58 18.86 

1858-59 19.23 

1859-60 19.26 

1860-61 17.03 

1861-62 42.60 

1862-63 11.88 

1863-64 8.72 

1864-65 21.39 

1865-66 21.07 

1866-67 30.20 

1867-68 33.58 

1868-69 18.50 

1869-70 17.37 

1870-71 12.20 

1871-72 26.22 

1872-73 14.26 

1873-74 20.62 

1874-75 15.12 

1875-76 31.04 

1876-77 6.53 

1877-78 28.03 

1878-79 16.76 

1879-80 22;38 

1880-81 23.42 

1881-82 14.09 

1882-83 15.19 


Run-ofF. 

The  accurate  gagings  made  in  conjunction 
with  the  precipitation  records,  above  discussed, 
and  covering  seven  complete  seasons  are  shown 
in  the  following  table : 

GAGINGS  OF  COYOTE  RIVER. 

Tributary  Catchment  Area  193.20  sq.  mi. 

Rainfall 

Run-off                  Run-Off  133.10% 

Season                          M.  G.                   inches  of  Gilroy 

1902-03    27,070                8.066  23.27 

1903-04    11,611                3.460  24.30 

1904-05    10,396                3.098  30.94 

1905-06   37,928              11.300  39.16 

1906-07    66,517              19.820  38.57 

1907-08    15,442                4.602  18.97 

1908-09    57,637              17.170  37.02 

Total     226,601  67 .  516  212 .  23 

Mean    32,731  9.645  30.71 

M.  G.  D 88.69  0". 02643 

1"  over  watershed  =  3356  M.  G. 


Gilroy  Rainfall 

X  133.10% 

38.07 

Season — 
1883-84         .    . 

Gilroy 

Rainfall. 

24.60 

Gilroy  Rainfj 
X  133.10% 
32.74 

8.55 

1884-85 

14.74 

19.62 

21.24 

1885-86 

21.45 

28.55 

40.57 

1886-87 

11.11 

14.77 

27.47 

1887-88 

16.78 

22.33 

27.34 

1888-89 

14.44 

19.22 

24.92 

1889-90          

37.75 

50.21 

22.91 

1890-91 

14.84 

19.75 

25.10 

1891-92          

.    .           18.91 

25.17 

25.60 

1892-93 

24.50 

32.61 

25  64 

1893-94       

12.91 

17.18 

22.67 

1894-95 

28.81 

38.35 

56.70 

1895-96        

24.70 

32.88 

15.81 

1896-97 

21.82 

29.04 

11.61 

1897-98        

10 . 44 

13.90 

28.36 

1898-99 

19.44 

25.87 

28.04 

1899-00 

14.54 

19.35 

40.20 

1900-01 

23.17 

30.84 

44.70 

1901-02 

18.41 

24.50 

24.62 

1902-03 

17.48 

23.27 

23  12 

1903-04 

18.26 

24.30 

16  24 

1904-05      

23.25 

30.94 

34  90 

1905-06 

29.42 

39.16 

18  98 

1906-07   

28.98 

38.57 

27.45 

1907-08 

14.25 

18.97 

20  12 

1908-09 

27.81 

37.02 

41.31 
8  68 

1909-10 

1910-11 

19.47 
19.38 

25.91 
25.80 

37  31 

1911-12        

13.87 

18  46 

22.31 
29.79 
31.17 
18.75 
20.22 

Total   

Mean   

1269.67 

1689.75 

20.16 

26.80 

These  gagings  were  taken  at  a  point  several 
miles  below  the  damsite  of  the  proposed  Coyote 
Reservoir,  designated  as  damsite  "D." 

Prom  studies  of  the  measured  run-off  of  Ala- 
meda Creek  (see  Appendix  B) ,  it  was  determined 
that  within  the  23  years,  1889-90  to  1911-12, 
there  existed  a  cycle  of  eight  dry  years.  It  was 
also  found  that  the  run-off  varied  for  different 
seasons  having  practically  the  same  seasonal 
precipitation,  and  that  reliable  results  could 
best  be  obtained  by  arranging  the  23  seasons 
into  five  groups,  each  of  which  fulfilled  different 
conditions  of  run-off. 

There  is  every  reason  to  believe  that  this  same 
grouping  applies  to  all  the  catchment  areas  in 
this  vicinity  and  the  same  method  has,  therefore, 
been   used   in    computing   the    run-off   for   the 
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Coyote  River  above  the  reservoir  for  the  23 
years,  1889-90  to  1911-12.  Therefore,  the  meas- 
ured run-o£Es,  expressed  in  inches,  and  their  cor- 
responding precipitations  were  plotted  co-ordi- 
nately, resulting  in  five  curves  (Plate  F-2.), 
indicating  as  nearly  as  possible  the  run-off 
with  consideration  for  the  important  factors, 
namely:  intensity,  amount,  and  distribution  of 
rainfall.  From  the  table  of  gagings  the  season 
1902-03  has  a  rainfall  of  23.27  inches  and  a  run- 
off of  8.07  inches,  while  the  season  1903-04  has 
a  rainfall  of  24.30  inches  and  a  run-off  of  3.46 
inches,  from  which  it  is  seen  that  with  a  differ- 
ence of  only  1.03  inches  in  rainfall  there  is  a 
difference  in  run-off  of  4.61  inches.  This  is  due, 
of  course,  to  the  factors  mentioned. 

The  data  being  at  hand  to  enable  a  complete 
study  to  be  made  of  the  rainfall  and  run-off  of 
Ihe  Alameda  Creek  System  for  the  23-year  pe- 
riod from  1889-90  to  1911-12,  which  shows  sim- 
ilar climatic  variations  to  that  of  the  Coyote 
drainage  area,  such  data  was  used  as  a  basis 
for  determining  the  flow  of  Coyote  River  for 
the  same  period,  as  is  particularly  shown  in  the 
following  table.  From  this  calculation  a  pro- 
gressive summation  or  mass  curve  was  pro- 
jected, as  shown  on  Plate  F-3. 

Capacity  of  Reservoir. 

A  survey  of  the  reservoir  site  made  by  the 


engineers  of  the  Spring  Valley  Water  Company 
in  1903  (Plate  F-4),  gives  a  capacity  of  9065 
M.  G.  with  a  dam  150  feet  high. 

A  detailed  analysis  of  this  mass  diagram 
showed  that  the  determining  period  or  the  crite- 
rion for  deducing  the  dependable  draft  for  the 
given  storage  occurred  in  the  years  from  1899- 
1900  to  1902-03.  Reference  to  the  mass  diagram 
shows  that  a  gross  draft  of  23.01  M.  G.  D.  would 
just  empty  the  reservoir  in  the  season  of  1901-02. 
From  this  gross  draft,  allowance  must  be  made 
for  loss  due  to  evaporation. 

By  means  of  a  contour  map  the  estimated 
area  of  the  water  surface  five  feet  below  the 
top  of  the  dam  was  determined  to  be  517  acres. 

On  page  382  of  the  "Engineering  News"  of 
February  29,  1912,  Mr.  Edwin  Duryea,  Jr.,  gives 
the  results  of  some  experiments  on  the  evapora- 
tion of  water  from  water  surfaces.  These  ex- 
periments were  made  at  the  Upper  Gorge,  about 
11  miles  from  the  proposed  reservoir.  His  re- 
sults are  given  in  Appendix  "D,"  and  indicate 
that  the  seasonal  evaporation  from  a  water  sur- 
face in  this  locality  amounts  to  45  inches. 
Assuming  the  evaporation  to  amount  to  48 
inches  a  year,  in  order  to  make  a  conservative 
estimate,  the  quantity  over  this  water  surface 
is  1.85  M.  G.  D.,  or  a  net  draft  of  23.01—1.85 
=  21.16,  M.  G.  D. 


TABLE  SHOWING  RELATION  BETWEEN  RAINFALL  AND  RUN-OFF  FOR  23  YEARS. 

Run-off  in  Run-off  in 

Mean  rainfall  Run-off  mill.  gall.  mill.  gall. 

Season                                         over  115  sq.  mi.  in  inches                   Area  115  sq.  mi.       Area  193.2  sq.  mi.  Difference 

1889-90 50.21  22.75  45,430  76,360  30,930 

1890-91 19.75  5.00  9,985  16,780  6,795 

1891-92   25.17  4.00  7,988  13,423  5,435 

1892-93 32.61  7.50  14,980  25,170  10,190 

1893-94 17.18  1.25  2,496  4,190  1,700 

1894-95  38.35  7.00  13,980  23,490  9,510 

1895-96 32.88  10.50  20,970  35,240  14,270 

1896-97 29.04  8.00  15,980  26,850  10,870 

1897-98 13.90  1.50  2,996  5,034  2,038 

1898-99   25.87  8.10  14,980  25,170  10,190 

1899-00  19.35  1.80  3,595  6,041  2,446 

1900-01 30.84  3.20  6,390  10,740  4,350 

1901-02  24.50  5.50  10,980  18,460  7,480 

1902-03  23.27  #8.07  16,120  27,070  10,950 

1903-04  24.30  #3.46  6,910  11,611  4,701 

1904-05  30.94  #3.10  6,191  10,396  4,205 

1905-06  39.16  #11.30  22,570  37,928  15,358 

1906-07  38 .  57  #19 .  82  39,580  66,517  26,937 

1907-08     18.97  #4.60  9,186  15,442  6,256 

1908-09  37 .  02  #17 .  17  34,290  57,637  23,347 

1909-10 25.91  6.30  12,580  21,140  8,560 

1910-11      25 .  80  9.50  18,970  31,880  12,910 

1911-12.... 18.46  4.30  8,587  14,430  5,843 

Total   642 .  05  173 .  72  345,734  581,005  235,271 

Mean   27.91  7.554  15,030  25,260  10,230 

M.   G.   D 41.18  69.21  28.03 

#ActuaI  gagings.  _ 
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SURPLUS  WATER. 
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The  reservoir  would  be  full  in  the  years  shown 
in  the  following  table  as  waste  years: 

TABLE  SHOWING  WASTE  YEARS. 

Season  M.  G. 

1889-90  32,000 

1890-91  2,000 

1891-92  0 

1892-93  4,500 

1893-94  0 

1894-95  1,000 

1895-96  10,200 

1896-97  7,600 

1897-98  0 

1898-99  2,500 

1899-00  0 

1900-01  0 

1901-02  0 

1902-03  3,600 

1903-04  0 

1904-05  0 

1905-06  11,000 

1906-07  32,000 

1907-08  0 

1908-09 25,000 

1909-10    4,200 

1910-11    10,000 

1911-12    0 

Total    145,600 

M.  G.  D 17.34 


A  table  has  been  constructed  giving  the  total 
amount  of  run-off  measured  at  the  place  where 
the  seven  years'  gagings  were  taken  (above 
which  there  is  a  catchment  area  of  193.2  square 
miles),  together  with  the  difference  between 
this  amount  and  that  derived  from  the  115 
square  miles  above  the  Coyote  Reservoir.  This 
difference  gives  an  average  of  about  28  M.  G.  D., 
which  is  carried  on  down  into  Santa  Clara  Val- 
ley. The  table  on  Plate  F-3  shows  the  fre- 
quency and  amounts  of  the  waste  over  the  23- 
year  period.  The  sum  of  these  wastes  makes  an 
average  total  of  45  M.  G.  D.  going  into  the  val- 
ley below. 

An  analysis  of  the  table  of  gagings  shows  a 
mean  discharge  for  the  seven  years  of  88.69 
M.  G.  D.,  with  a  rainfall  of  30.71  inches,  or  a 
mean  seasonal  run-off  of  9.645  inches.  The  mean 
in  inches  for  the  23  years  is  7.554  inches  with 
a    rainfall    of    27.91    inches. 
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Appendix  G. 


REPORT  ON  COAST  STREAMS  AND  WEST  UNION  CREEK 


BY 

I.  E.  Flaa. 
Assistant  Engineer  Spring  Valley  Water  Company. 


The  catchment  area  of  the  coast  streams  is 
on  the  western  or  ocean  slope  of  the  penin- 
sula mountains.  It  is  covered  with  a  virgin 
forest  of  firs  and  redwoods.  The  mean  seasonal 
rainfall  at  Pilareitos  (elevation  695'),  whose 
watershed  joins  that  of  the  coast  streams  on  the 
north  and  east,  is  51.78  inches  as  determined  by 
37  years  of  actual  records.  The  actual  mean  sea- 
sonal rainfall  of  the  Boulder  Creek  catchment 
area  is  56.27  inches  and  is  determined  by  22 
years'  gagings  at  Boulder  Creek  (elevation 
470'),  whose  watershed  joins  that  of  the  coast 
streams  on  the  south. 

The  mean  seasonal  rainfall  on  Pescadero 
Creek  at  Camp  Howard  is  54.55  inches,  as  de- 
termined by  17  years  of  actual  gaging.  This 
rainfall  is  high,  due  to  frequent  fogs,  and  the 
temperature,  even  in  summer,  is  cool.  These 
several  factors  combine  to  regulate  the  run-off 
and  produce  a  marked  increase  in  the  summer 
flow. 

In  this  report  only  San  Gregorio  and  Pesca- 
dero Creeks  are  used  in  the  proposed  develop- 
ment. 

Pescadero  and  San  Gregorio  Creeks. 

It  is  proposed  to  divert  the  run-off  of  Pesca- 
dero and  San  Gregorio  Creeks,  by  gravitation 
and  pumping,  into  Crystal  Springs  Reservoir 
through  a  system  of  concrete-lined  conduits  and 
tunnels.  (See  Plate  G-1.)  All  that  portion  of 
the  catchment  area  above  422  feet  elevation  is 
available  for  the  gravity  sj^stem,  or  about  40.16 
square  miles  out  of  the  64.27  square  miles  above 
Pescadero  Reservoir  site.     All  run-off  in  these 


upper  catchment  areas  in  excess  of  the  conduit 
capacity  is  impounded  in  the  Pescadero  Reser- 
voir to  be  pumped  back  into  the  conduit  system. 
The  catchment  area  tributary  to  the  conduit 
is  40.16  square  miles  (see  Plate  G-1),  divided 
as  follows: 

Upper  La  Honda 9  .  14   sq.  mi. 

Peters  Creek 7.32        " 

Alpine  Creek 7.70        " 

Upper  Pescadero    16.00 

Total 40.16 

The  catchment  area  of  Pescadero  Reservoir, 
excluding  40.16  square  miles  tributary  to  con- 
duit, is  24.11  square  miles,  the  total  area  of 
Coast  streams  being  64.27  square  miles.  The 
Pescadero  Reservoir  has  a  storage  capacity  of 
30,000  jr.  6.,  with  a  310-foot  dam.  (See  Plate 
G-4.) 

Rainfall. 

Nineteen  rainfall  stations  on  the  Peninsula 
having  records  for  a  period  ranging  from  5  to 
63  years,  were  expanded  into  a  63-year  period 
by  comparison  with  the  63-year  record  of  San 
Francisco  and  other  long  period  records.  The 
mean  annual  rainfall  for  63  years  for  each  sta- 
tion was  then  determined.     (See  table.) 

The  mean  annual  records  so  determined  were 
then  located  upon  a  map  and  curves  of  equal 
rainfall  or  isohyetose  lines  were  drawn  (See 
Plate  G-1.) 

From  this  map,  by  use  of  the  planimeter,  the 
m.ean  area  rainfall  over  each  subsidiary  catch- 
ment area,  as  well  as  the  entire  catchment  area, 
was  determined  in  the  manner  described  in  the 
preceding  Appendix  "A". 
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RAINFALL  AND  RUN-OFF. 
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MEAN  SEASONAL  RAINFALL. 

Observed  No.  of  Actual 

■Station                                         Record  Tears  Mean 

San  Francisco 1849-50 — ^1911-12  63  22.80 

Boulder  Creek    1888-89 — 1911-12  24  56.27 

Crystal  Springs  Cottage   .  .1894-95 — 1911-12  18  31.62 

Crystal  Springs^— Lower  .  .1891-92 — 1911-12  22  31.49 

Crystal  Springs — Upper   ..  1875-76 — 1911-12  37  36.08 

Los    Gatos     1885-86 — 1911-12  27  33.89 

Menlo    Park    1878-79 — 1911-12  34  16.99 

Pescadero    1889-90 — 1905-06  17  54.55 

Pilarcitos     1864-65 — 1911-12  48  51.78 

Portola    .     1892-93 — 1905-06  14  31.12 

San  Andreas    1868-69 — 1911-12  44  41.68 

San  Jose    1874-75 — 1911-12  38  15.28 

San   Mateo    1874-75 — ^1911-12  38  21.23 

Santa  Cruz    1878-79 — 1911-12  34  27  .  66 

Woodside 1893-94 — 1902-03  10  32.28 

Pt.   Montara    1899-1903  5  23.81 

Redwood    City    1899-1903  5  17.42 

So.  San  Francisco 1899-1903  5  19.95 

Millbrae 1899-1903  5  25.90 


Expanded 

Mean 

Elevation 

58.15 

470 

34.80 

300 

34.48 

300 

36.90 

300 

34.69 

600 

17.10 

64 

53.90 

51.82 

695 

31.08 

370 

42.57 

445 

15.32 

95 

21.54 

22 

28.31 

20 

33.78 

600 

23.67 

16.56 

20.48 

24.22 

The  results  of  these  calculations  are  shown  in 
table  below: 

Mean  Area 
Rainfall  for 
63-Tear 
Area  in  Period 

Catchment   Area  Square  Miles         in  Inches 

Upper  La  Honda    9 .  14  43.87 

Peters   Creek    7.32  49.90 

Alpine  Creek    7.70  50.40 

Upper  Pescadero    16.00  52.58 

Lower  La  Honda 4.46  51.80 

Lower  Pescadero    19.65  48.50 

Total    64.27    Mean.. 49. 50 

Run-off. 

Daily  rainfall  records  for  17  years,  1889-90  to 
1905-06,  and  stream  gagings  for  a  period  of  7 
years  were  taken  on  Pescadero  Creek  at  Camp 
Howard  (catchment  area  16  square  miles)  by  the 
Spring  Valley  Water  Company,  from  which 
the  seasonal  run-ofE  per  square  mile  of  catch- 
ment area  of  Pescadero  Creek  for  6  years,  1899- 
1900  to  1905-06,  was  determined  as  follows : 
PESCADERO  RUN-OFF. 


Pescadero 

Actual 

Run-off  per 

Season 

Rainfall 

Run-off 

Square  Mile 

In. 

M.  G. 

M.  G. 

1899-1900- 

-45.5 

2655.13 

165.95 

1900-1901- 

-49.9 

9178.98 

573.62 

1901-1902- 

-46.6 

5658.85 

353.68 

1902-1903- 

-45.9 

4507.50 

281.70 

1903-1904- 

-53.6 

9742.80 

608.99 

1904-1905- 

-54.0 

7395.20 

462.20 

Pilarcitos  and  San  Andreas  Eeservoir  catch- 
ment areas  are  of  a  similar  nature  to  that  of 
Pescadero  with  respect  to  location,  elevation, 
topography,  size  of  catchment  area  and  climate. 
Actual  rainfall  and  run-ofE  records  for  a  period 
of  43  years,  from  1869-70  to  date  have  been 
taken  and  are  tabulated  below. 


RAINFALL    AND     RUN-OFF     PILARCITOS    AND 
SAN  ANDREAS. 

Run-off  Rainfall 

Season  M.  G.  per  Sq.  Mi.  Inches 

1869-70 168.4  43.13 

1870-71 62.4  35.09 

1871-72 444.0  80.58 

1872-73 197.4  39.17 

1873-74 253.5  48.97 

1874-75 125.0  44.37 

1875-76 475.0  69.48 

1876-77 6.1  22.37 

1877-78 487.0  72.85 

1878-79 288.0  56.10 

1879-80 344.0  56.55 

1880-81 405.0  53.89 

1881-82 178.0  34.27 

1882-83 138.0  33.91 

1883-84 320.0  54.99 

1884-85 203.0  38.21 

1885-86 399.0  51.94 

1886-87 177.0  35.66 

1887-88 194.0  38.75 

1888-89 204.0  41.17 

1889-90 576.0  73.67 

1890-91 152.0  37.78 

1891-92 103.0  43.13 

1892-93 250.0  58.30 

1893-94 211.0  54.86 

1894-95 296.0  66.93 

1895-96 184.0  50.44 

1896-97 304.0  50.47 

1897-98 47.0  26.26 

1898-99 134.0  42.56 

1899-00 290.0  44.71 

1900-01 232.0  43.87 

1901-02 238.0  40.68 

1902-03 328.0  38.00 

1903-04 397.0  48.70 

1904-05 294.0  44.79 

1905-06 246.0  37.82 

1906-07 485.0  43.47 

1907-08 184.0  28.07 

1908-09 452.0  52.37 

1909-10 223.0  32.90 

1910-11 347.0  47.78 

1911-12 72.0  23.70 

These  records  were  used  in  conjunction  with 
the  7-year  records  of  Pescadero  (see  table,  page 
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CALCULATION  OF  RUN-OFF. 
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437)  in  the  construction  of  five  curves  showing 
the  run-ofS  in  M.  G.  per  square  mile  per  inch  of 
rainfall.  (See  Plate  Gr-2.)  Five  curves  are 
used,  each  one  showing  different  conditions  of 
intensity  and  distribution  of  yearly  precipita- 
tion. They  depart  quite  materially  from  the 
average  curve  of  run-off  to  precipitation.  Fur- 
ther discussion  of  the  development  and  con- 
struction of  these  curves  is  unnecessary,  as  they 
are  similar  to  those  used  in  the  discussion  of 
the  Alameda  Creek  System  (Appendix  B), 
and  also  to  those  used  in  the  discussion  on  Coy- 
ote Creek  rainfall  and  run-off  (Appendix  F). 

The  actual  run-off  of  16  square  miles  of  Pes- 
cadero  Creek  was  expanded  by  area  rainfall 
relation,  to  cover  the  remaining  40.16  square 
miles  by  comparing  this  rainfall  (50  inches)  to 
that  of  Pescadero  (53.4  inches),  or  92 1^.  Ap- 
plying this  percentage  to  the  expanded  rainfall 
at  Pescadero,  we  obtain  the  annual  area  rainfall 
for  the  40.16  square  miles  over  a  period  of  23 
years,  as  shown  in  column  1  of  the  table. 

Applying  these  mean  area  rainfalls  to  the 
proper  run-off  curve  we  obtain  the  run-off  as 
shown  in  column  II  of  same  table,  with  the  ex- 
ception of  the  six  seasons,  1899-1900  to  1904-05, 
where  the  actual  run-off  at  Pescadero  was  used. 

For  calculating  the  overflow  quantities  dur- 
ing the  storm  periods  the  daily  run-off  from 
the  upper  Pescadero  catchment  area  was  used 
as  a  base.  As  the  problem  to  be  solved  involves 
both  a  gravity  flow  conduit  and  a  reservoir  of 
known  capacity,  the  contents  of  which  are  to  be 
pumped  into  a  conduit  that  leads  to  Crystal 
Springs  Reservoir,  it  was  necessary  to  assume 
certain  capacities  for  the  various  gravity  flow 
conduits.  The  assumptions  are  made  as  fol- 
lows: 

Upper    Pescadero    28   M.  G.  D. 

Peters  Creek 13 

North    La   Honda 16 

Alpine  Creek 13  " 

Total   gravity  flow    70 

The  sections  of  this  conduit  increase  in  carry- 
ing capacity  as  follows: 

Upper   Pescadero    28  M.  G.  D. 

Between   Peters  and    N.    La 

Honda 41 

Between  North  La  Honda  and 

Alpine 57 

Between  Alpine  and  Tunnel.    70  " 


The  run-off  and  the  conduit  capacity  of  the 
Upper  Pescadero  area  being  known,  the  overflow 
quantities  were  calculated  from  the  daily  read- 
ings. 

As  the  same  rate  of  run-off  was  assumed  for 
all  other  areas,  the  rim-off  was  calculated  as 
follows : 


Peters 45% 

North  La  Honda    .  .57% 
Alpine       48% 


of  Upper  Pescadero 


The  capacity  of  the  various  feeders  also  being 
known,  the  overflow  quantities  were  calculated 
by  the  same  methods  used  for  the  Upper  Pesca- 
dero. The  total  overflow  quantities  were  found 
for  the  area  of  40.16  square  miles  to  be  as  fol- 
lows: 

1899-1900    3,640   M.  G. 

1900-1901 7,580 

1901-1902       9,175 

1902-1903 4,690 

1903-1904 17,800 

1904-1905 7,420 

The  actual  run-off  quantities  from  the  Upper 
Pescadero  are  as  follows : 

1899-1900        2,655   M.  G. 

1900-1901    9,178 

1901-1902 5,658 

1902-1903    .    4,507 

1903-1904    9,742 

1904-1905        7,395 

As  the  total  catchment  area  that  involves  the 
gravity  flow  conduit  is  40.16  square  miles,  the 
total  run-off  was  taken  as  approximately  2.5 
times  the  actual  run-off  of  the  Upper  Pescadero 
catchment  area.  The  actual  quantities  of  run- 
off, conduit  flow  and  overflow  are  as  follows: 


Season 

Run-off 

Overflow 

Conduit 
Flow 

1899-1900.     . 

.  ..       6,625 

3,640 

2,985 

1900-1901.  .  . 

.  .  .    21.950 

7,580 

14,370 

1901-1902.  .  . 

.  .    14,150 

9,175 

4,975 

1902-1903.  .  . 

.  .    11,250 

4,690 

6,560 

1903-1904. . . 

24,350 

17,800 

6,550 

1904-1905.  .  . 

.  .    18,490 

7,420 

11,070 

For  expanding  over  a  period  of  23  years  a 
rate  of  run-off  per  square  mile  was  used  de- 
pending upon  the  seasonal  rate  of  rainfall,  ap- 
plied to  its  respective  curve  as  shown  on  Plate 
G--2.    This  value  multiplied  by  the  total  area  of 
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THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


40.16  square  miles  gave  the  expanded  values  of 
run-off,  found  in  table. 

From  a  series  of  five  percentage  curves  found 
by  plotting  the  known  run-off  quantities  of  the 
Pilarcitos,  San  Andreas  and  the  six  known 
quantities  of  the  Peseadero  areas  the  overflow 
values  were  found,  which  are  given  in  the 
above  mentioned  table.  The  difference  between 
run-off  and  overflow  quantities  gave  the  amount 
of  water  running  in  conduits  for  seasonal  years, 
as  shown  by  columns  III  and  IV  of  table,  and 
diagramatically  on  Hydrograph  Plate  G-3. 

The  Lower  Peseadero  or  Reservoir 
Catchment  Area. 

The  reservoir  being  supplied  by  the  over- 
flow quantities  of  the  above  mentioned  catch- 
ment areas  and  the  run-off  of  the  area  itself,  to- 
gether with  the  Lower  La  Honda  drainage 
(see  Plate  G-1),  it  is  necessary  to  calculate  run- 
off from  the  areas  mentioned.  There  being  an 
intervening  ridge  between  the  catchment  area 
of  the  Lower  La  Honda  and  the  reservoir,  all 
the  water  will  have  to  be  passed  through  a  tun- 
nel. The  same  methods  of  calculations  were 
used  as  mentioned  in  first  part  of  description 
years,  as  shown  in  column  1  of  the  table. 


TABLE  OF 

RUN-OFF 

FROM 

UPPER  PESCADBRO, 

PETERS, 

ALPINE 

AND 

UPPER     LA 

HONDA 

CATCHMENT  AREAS. 

Yearly 

Total 

Conduit 

Season 

Rainfall 

Run-off 

Overflow 

Flow 

I 

II 

III 

IV 

1889-90 

86.0 

26,130 

11,190 

14,940 

1890-91 

42.1 

7,236 

3,100 

4,136 

1891-92 

37.4 

3,136 

983 

2,153 

1892-93 

66.8 

12,945 

4.060 

8,885 

1893-94 

45.8 

5,628 

1,760 

3,868 

1894-95 

62.8 

10,895 

3.417 

7,478 

1995-96 

50.3 

7,156 

2,242 

4,914 

1896-97 

58.0 

14,471 

6,200 

8,271 

1897-98 

22.3 

1,045 

447 

598 

1898-99 

39.1 

5,000 

1,822 

3,178 

1899-00 

43.8 

6,625 

3,640 

2,985 

1900-01 

48.0 

21,950 

7,580 

14,370 

1901-02 

44.8 

14,150 

9,175 

4,975 

1902-03 

44.2 

11,250 

4,690 

6,560 

1903-04 

51.6 

24,350 

17,800 

6,550 

1904-05 

,   52.0 

18,490 

7,420 

11,070 

1905-06 

55.4 

20,100 

13,200 

6,900 

1906-07 

47.8 

21,227 

16,560 

4,667 

1907-08 

32.4 

10,211 

7,800 

2,411 

1908-09 

51.2 

17,288 

11,380 

5,908 

1909-10 

37.2 

11,658 

8,500 

3,158 

191011 

48.6 

14,000 

6,180 

7,820 

1911-12 

.24.0 

2,934 

2,053 

870 

M.  G.  D. 

34.29 

18.0 

16.28 

TABLE  OF  RUN-OFF  OF  LOWER  PESCADBRO 
AND  LOWER  LA  HONDA  CATCHMENT  AREAS 
AND  OVERFLOW  QUANTITIES  FROM  OTHER 
CATCHMENT  AREAS. 

Lower  Lower 

Season     Peseadero  Overflow  La  Honda  Total 

I  II  III  IV 

1889-90 9,460  11,190  2,16S  22,813 

1890-91 2,620  3,100  632  6,352 

1891-92 1,920  983  824  3,727 

1892-93 5,370  4,060  1,356  10,786 

1893-94 5,380  1,760  1,389  8,529 

1894-95 6,340  3,417  1,730  11,487 

1895-96 3,770  2,242  948  6,960 

1896-97 6,660  6,200  1,676  14,536 

1897-98 1,220  447  324  1,991 

1898-99 3,095  1,822  829  5,746 

1899-00 6,810  3,640  1,722  12,172 

1900-01 5,400  7,580  1,331  14,311 

1901-02 5,720  9,175  1,593  16,488 

1902-03 2,460  4,690  1,048  8,198 

1903-04 8,740  17,800  2,204  28,744 

1904-05 5,544  7,420  1,414  14,378 

1905-06 4,855  13,200  1,248  19,303 

1906-07 8,260  16,560  2,055  26,875 

1907-08 3,520  7,800  907  12,227 

1908-09 7,670  11,380  1,914  20,964 

1909-10 4,150  8,500  1,073  13,723 

1910-11 5,570  6,180  1,439  13,189 

1911-12 1,387  2,058  358  3,803 

M.  G.  D...    13.81  18.00  3.59  35.41 

The  results  in  last  column  of  the  table 
were  plotted  in  mass  curve  (Plate  G-5),  from 
which  the  draft  or  pumping  from  Peseadero  Res- 
ervoir was  determined. 

The  reservoir  being  used  only  for  the  storage 
of  storm  fiow  and  being  some  200  feet  below  con- 
duit level,  it  is  necessary  to  raise  the  water  to 
this  level.  The  rate  of  pumping  being  arbitrary, 
depending  upon  the  level  and  capacity  of  reser- 
voir, it  was  found  that  the  best  conditions  would 
be  to  pump  a  maximum  daily  capacity  of  30  M.  G. 
for  the  months  of  January  and  February.  For 
the  other  remaining  months  a  maximum  pump- 
ing capacity  of  75  M.  G.  could  be  used,  depend- 
ing, as  mentioned  above,  on  the  reservoir  level. 
From  mass  curve  (Plate  G-5)  it  is  seen  that  75 
M.  G.  would  only  have  been  used  for  two 
periods  of  10  months  each  in  the  past  23  years 
and  that  a  quantity  of  50  M.  G.  would  be  a  more 
constant  one. 


Conclusions  as  to  Productivity 
of  Coast  Streams. 

The  Coast  streams  are  capable  of  producing  a 
gross  run-off  of  51.69  M.  G.  D.  Deducting  1.5 
M.  G.  D.  for  evaporation,  in  Peseadero  Reser- 
voir, we  have  a  net  draft  of  50.19  M.  G.  D. 
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THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


Of  this  50.19  M.  G.  D.  about  16.28  M.  G.  D. 
will  flow  by  gravity,  while  33.91  M.  G.  D.  will 
be  pumped  into  Crystal  Springs  Eteservoir  via 
the  gravity  conduit  and  tunnel. 

West  Union  Creek. 

The  West  Union  Creek  catchment  area  is  on 
the  eastern  or  Bay  slope  of  the  peninsular 
mountains,  adjoining  that  of  Upper  Crystal 
Springs  Reservoir  on  the  south.  With  respect 
to  location,  topography,  climate  and  vegetation 
it  is  practically  the  same  as  that  of  Crystal 
Springs  Reservoir. 

In  this  project  it  is  proposed  to  divert  the  run- 
off from  1.95  square  miles  of  West  Union  Creek 
and  1.04  square  miles  of  McGarvey  Gulch,  a 
tributary  to  West  Union  Creek,  into  Crystal 
Springs  Reservoir,  by  about  500  feet  of  con- 
crete-lined conduit  and  2775  feet  of  concrete- 
lined  tunnel.  (See  details  on  Plate  G-6  and  lo- 
cation on  Plate  G-1.) 

No  rainfall  or  run-off  records  for  West  Union 
Creek  being  available,  the  run-off  per  square 
mile  from  the  Crystal  Spring  Reservoir  catch- 
ment area  was  applied  to  the  2.99  square  miles 


of  West  Union  Creek  for  a  period  of  23  years, 
1889-1890  to  date,  the  results  being  as  shown 
on  following  table.  From  these  results  it  is  seen 
that  West  Union  Creek  produces  an  average  of 
1.54  M.  G.  D. 

TABLE   OF   RUN-OFF   OF   WEST   UNION   CREEK 

CATCHMENT  AREA  (2.99  SQ.  MI.) 

Season.  M.  G. 

1889-90 334 

1890-91 562 

1891-92 236 

1892-93 1,056 

1893-94 725 

1894-95 1,230 

1895-96 472 

1896-97 558 

1897-98 

1898-99 312 

1899-00 '. 354 

1900-01 241 

1901-02 206 

1902-03 457 

1903-04 825 

1904-05 441 

1905-06 602 

1906-07 1,021 

1907-08 336 

1908-09 1,160 

1909-10 377 

1910-11 1,266 

1911-12 117 

M.  G.  D 1.54 


Appendix  H. 


HYDROGRAPHIC  DATA 


Compiled  by 
George  G.  Anderson,  C.  E. 


The  data  given  in  the  following  tables  were  compiled  and  used  by  Mr.  An- 
derson in  the  determination  of  the  productivity  of  the  Spring  Valley  Water 
Company's  ultimate  development  in  his  report  on  "The  Possible  Yield  From 
the  Alameda,  the  Peninsula  and  the  Lake  Merced  Systems." 
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OVERFLOW  OVER  SUNOL  DAM. 
Alameda  Creek — Million  Gallons. 


Season. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

Total. 

1900-01 

10 

1 

24 

191 

8,116 

903 

6,153 

17,750 

3,149 

1,171 

1,068 

400 

38,936 

1901-02 

168 

42 

.... 

9 

354 

3 

8,670 

12,954 

2,162 

806 

304 

25.472 

1902-03 

106 

47 

.... 

97 

16 

6,584 

5,252 

11,200 

10,731 

824 

88 

34,945 

1903-04 

31 

399 

7 

123 

7,675 

14,954 

4,885 

1,637 

196 

29,907 

1904-05 

26 

'"4 

"i 

1 

197 

1,016 

3,460 

6,411 

1,812 

1,472 

179 

14,579 

1905-06 

3 

1 

3 

15,940 

6,974 

23,780 

8,455 

2,325 

1,084 

58,565 

1906-07 

210 

32 

15 

"  i 

i 

6,015 

20,718 

8,277 

55,289 

6,851 

1,943 

802 

100,154 

1907-08 

596 

239 

37 

41 

184 

1,418 

4,196 

3,714 

3,171 

556 

308 

9 

14,469 

1908-09 

8 

5 

10 

5 

8 

24 

35,380 

31,775 

8,866 

1,459 

322 

140 

78,002 

1909-10 

113 

1 

4 

38 

28 

2,952 

10,276 

4,028 

5,082 

1,978 

613 

151 

25,264 

1910-11 

90 

26 

13 

11 

5 

19 

29,727 

12,050 

42,498 

1,845 

615 

150 

87,049 

1911-12 

112 

91 

49 

42 

62 

84 

818 

538 

2,555 

556 

130 

6 

5,043 

OVERFLOW  OVER  NILES  DAM. 
Alameda  Creek — Million  Gallons. 


Season. 
1888-89 
1889-90 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

Total. 

.... 

40,731 

77,019 

36,726 

20,879 

5,ii3 

2,864 

i,io3 

184,435 

1890-91 

582 

366 

'318 

'337 

'344 

988 

1,086 

14,730 

16,649 

2,833 

1,111 

571 

39,915 

1891-92 

185 

13 

3,223 

1,595 

1,542 

6,002 

3,843 

2,205 

413 

19,021 

1892-93 

90 

16,269 

46,909 

14,412 

25,841 

6,379 

5,848 

2,388 

499 

118,635 

1893-94 

291 

"iei 

iii 

52 

148 

413 

19,322 

44,022 

4,558 

978 

542 

320 

70,918 

1894-95 

148 

35 

23 

92 

74 

19,947 

54,917 

14,260 

3,438 

2,325 

1,757 

540 

97,556 

1895-96 

202 

37 

41 

134 

142 

192 

22,074 

2,193 

2,328 

11,170 

2,702 

519 

41,734 

1896-97 

115 

35 

36 

72 

1,561 

2,580 

2,830 

29,359 

30,697 

4,990 

1,314 

450 

74,039 

1897-98 

208 

59 

43 

67 

24 

78 

204 

826 

556 

141 

45 

5 

2,256 

1898-99 

2 

.... 

14 

7 

4 

433 

43 

21,906 

994 

202 

76 

23,681 

1899-00 

"ie 

.... 

33 

511 

1,901 

11,462 

575 

2,280 

632 

323 

54 

17,787 

FLOW  PUMPED  THROUGH  BELMONT  PUMPS. 
No  Slippage  Deducted — Million  Gallons. 


Season. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan.   Feb. 

March. 

April. 

May. 

June. 

Total. 

1888-89 

91 

61 

123 

167 

.... 

.... 

.... 

442 

1889-90 

41 

.... 

41 

1890-91 

145 

'253 

'236 

'242 

"235 

'264 

199 

i62 

"99 

193 

'241 

'235 

2,444 

1891-92 

244 

227 

201 

205 

198 

191 

158 

270 

228 

177 

222 

232 

2,553 

1892-93 

243 

184 

126 

126 

126 

57 

117 

28 

1,007 

1893-94 

233 

240 

169 

151 

146 

132 

58 

"19 

"155 

162 

156 

1,621 

1894-95 

162 

159 

146 

162 

47 

676 

1895-96 

86 

240 

230 

238 

233 

'24i 

121 

.... 

132 

1,521 

1896-97 

240 

241 

233 

241 

184 

173 

1,312 

1897-98 

156 

156 

154 

156 

43 

i45 

"184 

233 

242 

226 

1,695 

1898-99 

iso 

144 

153 

206 

213 

221 

163 

205 

114 

191 

229 

223 

2,242 

1899-00 

231 

231 

217 

197 

113 

135 

117 

194 

149 

222 

233 

226 

2,265 

1900-01 

232 

232 

196 

236 

172 

314 

309 

257 

311 

305 

317 

307 

3,188 

1901-02 

317 

317 

288 

289 

289 

319 

321 

291 

318 

313 

325 

287 

3,674 

1902-03 

325 

316 

271 

299 

301 

365 

391 

433 

512 

503 

508 

529 

4,753 

1903-04 

533 

428 

335 

325 

382 

501 

516 

468 

504 

496 

517 

502 

5,507 

1904-05 

517 

457 

344 

369 

384 

420 

493 

448 

506 

496 

515 

489 

5,438 

1905-06 

478 

429 

301 

265 

255 

290 

370 

460 

507 

301 

130 

377 

4,163 

1906-07 

434 

457 

454 

424 

402 

427 

477 

464 

340 

499 

525 

524 

5,427 

1907-08 

492 

523 

504 

501 

502 

490 

466 

480 

518 

506 

520 

502 

6,004 

1908-09 

491 

378 

318 

287 

277 

311 

291 

334 

434 

519 

488 

4,128 

1909-10 

477 

483 

464 

502 

458 

463 

522 

472 

527 

505 

521 

498 

5,892 

1910-11 

459 

490 

390 

204 

301 

420 

479 

308 

408 

477 

511 

508 

4,955 

1911-12 

462 

524 

454 

508 

510 

527 

519 

490 

510 

501 

519 

498 

6,022 

DATA  USED  AS  BASIS  FOR  ANDERSON  REPORT. 
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OVERFLOW  AT  NILES  DAM  OR  SUNOL  DAM  +  BELMONT  PUMPAGE. 

Total  Flow— Million  Gallons. 


Season. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

Total. 

1888-89 

91 

61 

123 

167 

442 

1889-90 

.... 

.... 

40,731 

77,060 

36,726 

20,879 

5,113 

2,864 

i,io3 

184,476 

1890-91 

727 

619 

'554 

'579 

579 

1,192 

1,285 

14,892 

16,748 

3,026 

1,352 

806 

42,359 

1891-92 

429 

240 

201 

205 

198 

3,414 

1,753 

1,812 

6,230 

4,020 

2,427 

645 

21,574 

1892-93 

333 

184 

126 

126 

16,395 

46,966 

14,529 

25,841 

6,379 

5,848 

2,388 

527 

119,642 

1893-94 

524 

401 

280 

203 

294 

545 

19,380 

44,022 

4,577 

1,133 

704 

476 

72,539 

1894-95 

310 

194 

169 

254 

121 

19,947 

54,917 

14,260 

3,438 

2,325 

1,757 

540 

98,232 

1895-96 

288 

277 

271 

372 

375 

433 

22,195 

2,193 

2,328 

11,170 

2,702 

651 

43,255 

1896-97 

355 

276 

269 

313 

1,745 

2,753 

2,830 

29,359 

30,697 

4,990 

1,314 

450 

75,351 

1897-98 

208 

215 

199 

221 

180 

121 

204 

971 

740 

374 

287 

231 

3,951 

1898-99 

180 

146 

153 

220 

220 

225 

596 

248 

22,020 

1,185 

431 

299 

25,923 

1899-00 

247 

231 

217 

230 

624 

2,036 

11,579 

769 

2,429 

854 

556 

280 

20,052 

(Niles  Dam) 

1900-01 

242 

233 

220 

427 

8,288 

1,217 

6,462 

18,00? 

3,460 

1,476 

1,385 

707 

42,124 

1901-02 

485 

359 

288 

289 

298 

673 

324 

8,961 

13,272 

2,475 

1,131 

591 

29,146 

1902-03 

431 

363 

271 

299 

398 

381 

6,9V  0 

5,685 

11,712 

11,234 

1,332 

617 

39,698 

1903-04 

564 

428 

335 

325 

781 

508 

639 

8,143 

15,458 

5,381 

2,154 

698 

35,414 

1904-05 

543 

461 

345 

369 

385 

617 

1,509 

3,908 

6,917 

2,308 

1,987 

668 

20,017 

1905-06 

481 

430 

301 

265 

255 

293 

16,310 

7,434 

24,287 

8,756 

2,455 

1,461 

62,728 

1906-07 

644 

489 

469 

425 

403 

6,442 

21,195 

8,741 

55,629 

7,350 

2,468 

1,326 

105,581 

1907-08 

1,088 

762 

541 

542 

686 

1,908 

4,662 

4,194 

3,689 

1,062 

828 

511 

20,473 

1908-09 

499 

383 

328 

292 

285 

335 

35,671 

31,775 

9,200 

1,893 

841 

628 

82,130 

1909-10 

590 

484 

468 

540 

486 

3,415 

10,798 

4,500 

5,609 

2,483 

1,134 

649 

31,156 

1910-11 

549 

516 

403 

215 

306 

439 

30,206 

12,358 

42,906 

2,322 

1,126 

658 

92,004 

1911-12 

574 

615 

503 

550 

572 

611 

1,337 

1,028 

3,065 

1,057 

649 

504 

11,065 

(Sunol  Dam) 

FLOW  THROUGH  SUNOL  AQUEDUCT  GAGED  AT  BRIGHTSIDE  WETR. 

Million  Gallons. 


Season. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

Total. 

1906-07 

462 

495 

472 

460 

424 

422 

471 

447 

362 

509 

543 

524 

5,591 

1907-08 

537 

547 

513 

511 

495 

477 

457 

469 

519 

506 

524 

524 

6,079 

1908-09 

521 

51 

345 

306 

287 

276 

321 

145 

396 

474 

531 

493 

4,146 

1909-10 

484 

506 

480 

499 

451 

476 

596 

489 

555 

543 

518 

481 

6,078 

1910-11 

447 

291 

.... 

284 

417 

310 

396 

474 

542 

517 

3,678 

1911-12 

480 

527 

"48 

492 

526 

497 

481 

524 

504 

522 

CALAVERAS  CREEK  AT  CALAVERAS  DAMSITE. 
Run-off  in  Million  Gallons — Drainage  Area,  100  Sq.  Mi. 


Season.  July.  Aug.  Sept.  Oct.       Nov. 

1897-98  

1898-99  22  10  9  15 

1899-00  200  60  25  67 

1900-01  34  16  15  88 

1901-02  46  21  15  16 
1902-03 


1903-04 
1904-05 
1905-06 
1906-07 
1907-08 
1908-09 


(Hadsell) 


241 
127 
112 
265 
109 
71 


10 
60 
16 
21 
8 

139 
70 
46 

168 
51 
33 


37 
46 
30 
99 
45 


(Williams) 

1909-10   

1910-11   

1911-12    207    138    109 

(Jones) 

♦Incomplete  records. 


132 

100 

31 

66 

52 


98 


8 

1,392 

5,376 

15 

336 

927 
97 
32 

103 
92 


142 


Dec. 

"ii 

3,964 
649 
653 
512 

219 

363 

70 

3,351 

774 


162 


Jan. 

3',i57 
6,470 
6,257 
123 
2,706 

224 

773 

9,783 

9,164 

2,754 


926 


Feb.  March. 


314 

476 

5,336 

5,815 

3,892 

5,345 
3,030 
2,492 
*2,193 
2,368 


9.456 
2,120 
1,726 
3,740 
3,768 

8,121 
6,541 
9,555 
*18,722 
2,106 


274   2,485 


April. 

239 

2,334 

1,088 
576 
978 

4,804 

2,827 
1,478 
3,122 
1,803 
439 


753 


May. 
122 
574 
703 

1,264 
398 
547 

1,453 

2,013 

1,086 

811 

280 


255 


June. 

68 
464 
225 
402 

66 
433 

264 
264 
603 
401 
133 


89 


Total. 

16,374 
16,790 
21,739 
11,886 
17,035 

19,929 
14,902 
26,962 
37,146 
9,203 


5,638 
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THE  FUTURE  WATER  SUPPLY  OP  SAN  FRANCISCO. 


FLOW  OF  UPPER  ALAMEDA  CREEK. 
Gaged  at  Diversion  Point — Million  Gallons. 


Season.      July.      Aug.      Sept.      Oct, 

1905-06 
1906-07 
1907-08 
1908-09 
1909-10 
1910-11 

1911-12  53  49  12 

(Jones) 


Nov, 


Dec. 


14 


Jan. 
4,641 


287 


Feb, 


March.    April 


May, 


June 


77 


976 


151 


85 


57 


Total. 


1,774 


ARROYO  VALLE— GAGINGS  OP  PLOW  AT  S.  V.  W.  CO.  'S  DAMSITE. 

Million  Gallons. 


Season.  July.      Aug.      Sept.      Oct, 

1904-05  

1905-06  

1906-07  

1907-08  


Nov. 


Dec.       Jan.       Feb.    March.    April.      May.      June. 


Total. 


705 

3,071 

214 

222 

4,212 

6,848 

1,056 

8,587 

1,538 

197 

"24 

18,250 

1,850 

13,431 

1,582 

21,872 

38,735 

377 

2,057 

1,398 

3,832 

DRAFT  ON  CRYSTAL  SPRINGS  RESERVOIR. 
Million  Gallons. 


Year. 
1888 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1889 
1890 

67  ^ 

124 

240 

216 

'220 

220 

155 

"89 

"83 

"87 

"84 

"75 

1,660 

1891 

63^ 

116 

189 

69 

73 

69 

88 

102 

113 

120 

80 

99 

1,181 

1892 

138 

15 

88 

146 

119 

96 

106 

143 

191 

191 

149 

231 

1,613 

1893 

168 

267 

291 

299 

284 

255 

46 

39 

83 

112 

95 

112 

2,051 

1894 

182 

232 

233 

107 

175 

166 

181 

196 

208 

173 

262 

286 

2,401 

1895 

294 

283 

305 

307 

303 

302 

244 

119 

117  • 

130 

115 

100 

2,619 

1896 

213 

327 

342 

335 

349 

200 

143 

120 

80 

76 

111 

134 

2,430 

1897 

295 

285 

322 

330 

355 

391 

450 

296 

252 

231 

208 

304 

3,719 

1898 

328 

166 

209 

222 

409 

428 

443 

459 

383 

176 

246 

309 

3,778 

1899 

395 

286 

440 

369 

357 

353 

371 

374 

374 

402 

378 

229 

4,328 

1900 

259 

154 

257 

171 

196 

196 

213 

210 

231 

204 

252 

104 

2,447 

1901 

117 

119 

117 

109 

114 

139 

137 

137 

132 

172 

137 

109 

1,53.9 

1902 

95 

80 

109 

109 

115 

159 

165 

169 

187 

174 

79 

37 

1,478 

1903 

11 

30 

4 

106 

182 

207 

111 

8 

659 

1904 

3 

'  ii 

"ie 

"12 

22 

"26 

.21 

90 

193 

186 

234 

320 

1,134 

1905 

13 

21 

13 

31 

62 

118 

239 

308 

285 

265 

1,355 

1906 

179 

"36 

77 

33 

78 

89 

101 

89 

91 

128 

115 

77 

1,093 

1907 

32 

20 

193 

48 

73 

48 

114 

106 

106 

111 

61 

89 

1,001 

1908 

79 

82 

66 

59 

73 

82 

112 

218 

248 

303 

254 

272 

1,848 

1909 

281 

547 

303 

198 

135 

144 

168 

169 

184 

174 

148 

194 

2.645 

1910 

76 

156 

146 

153 

172 

212 

267 

210 

290 

469 

327 

244 

2,722 

1911 

208 

316 

279 

191 

228 

207 

275 

210 

268 

240 

149 

139 

2,710 

1912 

121 

110 

187 

314 

304 

415 

*1,451 

*Six  Months'  Total. 

DATA  USED  AS  BASIS  FOR  ANDERSON  REPORT. 
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DRAFT  ON  SAN  ANDREAS  RESERVOIR. 
Million  Gallons. 


Year. 

1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


ran. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug, 

Sept. 

Oct. 

Nov. 
11 

Dec. 

80 

Total. 
91 

83 

"75 

"76 

"78 

"io9 

"92 

"79 

'i07 

'io8 

'lie 

97 

89 

1,109 

68 

48 

100 

105 

141 

142 

159 

153 

149 

169 

153 

154 

1,541 

153 

145 

158 

158 

149 

151 

146 

164 

147 

159 

136 

132 

1,798 

155 

135 

149 

150 

155 

163 

162 

165 

159 

148 

153 

183 

1,877 

154 

146 

158 

168 

198 

194 

201 

200 

208 

241 

216 

230 

2,314 

221 

212 

209 

214 

241 

227 

235 

256 

262 

261 

236 

251 

2,825 

251 

235 

291 

281 

269 

265 

241 

224 

227 

129 

104 

91 

2,608 

133 

84 

55 

86 

224 

215 

234 

236 

248 

244 

210 

204 

2,173 

195 

169 

205 

209 

233 

249 

245 

267 

276 

273 

235 

223 

2,779 

221 

199 

204 

208 

238 

255 

255 

271 

258 

257 

234 

229 

2,829 

239 

199 

232 

234 

269 

250 

284 

294 

287 

296 

247 

243 

3,074 

242 

216 

268 

275 

293 

287 

298 

282 

288 

297 

284 

288 

3,318 

275 

161 

123 

117 

116 

151 

173 

150 

182 

168 

133 

112 

1,861 

97 

70 

110 

100 

206 

189 

245 

230 

214 

200 

196 

211 

2,068 

226 

200 

222 

213 

257 

250 

285 

159 

231 

28 

32 

34 

2,137 

122 

119 

107 

99 

108 

123 

17 

16 

11 

3 

13 

0 

738 

15 

33 

51 

84 

132 

222 

233 

237 

231 

293 

246 

249 

2,026 

187 

213 

247 

190 

218 

227 

225 

269 

153 

187 

118 

154 

2,388 
1,019 

'  '68 

104 

'"7 

"25 

"46 

"56 

"si 

"34 

"89 

121 

119 

ioi 

801 

84 

24 

86 

89 

98 

105 

130 

112 

108 

115 

109 

103 

1,163 

91 

82 

101 

98 

105 

92 

100 

101 

104 

111 

107 

106 

1,198 

101 

-  84 

89 

103 

149 

171 

175 

173 

171 

177 

164 

167 

1,724 

162 

146 

170 

175 

128 

117 

131 

128 

119 

116 

106 

100 

1,598 

110 

103 

118 

123 

151 

157 

199 

192 

226 

205 

202 

213 

1,999 

222 

205 

208 

119 

169 

211 

203 

237 

226 

223 

200 

200 

2,423 

192 

176 

204 

227 

230 

229 

234 

233 

231 

227 

220 

221 

2,624 

214 

204 

221 

220 

214 

212 

222 

221 

211 

75 

23 

12 

2,049 

3 

57 

15 

3 

9 

17 

20 

81 

91 

111 

407 

95 

82 

96 

114 

"m 

175 

188 

226 

278 

272 

254 

255 

2,207 

248 

227 

270 

260 

271 

270 

278 

257 

247 

268 

234 

223 

3,053 

124 

93 

117 

129 

165 

235 

203 

210 

243 

243 

197 

187 

2,146 

163 

134 

152 

173 

190 

212 

226 

230 

229 

230 

213 

228 

2,380 

225 

199 

216 

224 

236 

236 

297 

322 

256 

229 

133 

83 

2,656 

84 

80 

76 

69 

30 

219 

267 

294 

294 

307. 

290 

292 

2,302 

282 

248 

246 

217 

237 

263 

260 

273 

262 

276 

137 

245 

2,946 

242 

225 

242 

251 

261 

251 

257 

253 

216 

313 

297 

322 

3,130 

316 

286 

310 

305 

300 

307 

319 

328 

321 

326 

315 

323 

3,756 

291 

276 

341 

349 

361 

357 

375 

372 

262 

237 

214 

321 

3,756 

297 

255 

218 

214 

244 

339 

347 

359 

267 

263 

237 

164 

3,204 

224 

253 

393 

447 

431 

421 

367 

373 

366 

341 

296 

250 

4,162 

247 

224 

290 

262 

281 

272 

*1,576 

*Six  Months'  Total. 


480  THE  FUTURE  WATER  SUPPLY  OF  SAN  FRANCISCO. 


DRAFT  ON  PILARCITOS  RESERVOIR. 
Million  Gallons. 

Year.  Jan.       Feb.       Mar.       Apr.     May.      June.      July.       Aug.       Sept.        Oct.        Nov.        Dec.        Total. 


1867 

84 

87 

86 

90 

9 

88 

89 

78 

611 

1868 

78 

88     92 

89 

92 

86 

96 

93 

95 

82 

76 

97 

1,064 

1869 

103 

80    100 

99 

130 

114 

121 

110 

10 

133 

87 

90 

1,177 

1870 

100 

81    126 

112 

135 

132 

147 

135 

133 

133 

109 

32 

1,375 

1871 

32 

28     55 

25 

31 

64 

75 

60 

64 

70 

44 

30 

578 

1872 

96 

41     87 

79 

74 

83 

83 

88 

80 

86 

84 

68 

949 

1873 

88 

56     81 

93 

67 

79 

82 

77 

75 

66 

60 

68 

892 

1874 

64 

100     86 

120 

109 

107 

108 

94 

159 

91 

83 

108 

1,229 

1875 

72 

76     98 

114 

114 

115 

135 

142 

109 

98 

78 

68 

1,219 

1876 

96 

65     89 

77 

105 

107 

112 

109 

102 

95 

83 

90 

1,130 

1877 

71 

37     95 

69 

65 

52 

52 

47 

63 

52 

42 

56 

701 

1878 

44 

56    166 

167 

81 

94 

94 

104 

96 

90 

80 

84 

1,156 

1879 

72 

58     60 

72 

83 

110 

98 

107 

98 

103 

84 

73 

1,018 

1880 

74 

71     83 

67 

103 

107 

114 

126 

109 

108 

87 

56 

1,105 

1881 

93 

75     96 

85 

116 

107 

120 

139 

121 

112 

93 

82 

1,239 

1882 

100 

63     86 

103 

132 

133 

143 

171 

149 

157 

103 

108 

1,448 

1883 

90 

106     97 

132 

128 

142 

144 

151 

155 

112 

134 

110 

1,501 

1884 

118 

107     72 

103 

124 

119 

139 

148 

136 

125 

92 

88 

1,371 

1885 

142 

149    127 

111 

155 

138 

151 

139 

126 

117 

86 

103 

1,544 

1886 

119 

120    117 

99 

131 

118 

129 

126 

121 

108 

94 

111 

1,393 

1887 

122 

99    107 

112 

131 

140 

142 

135 

129 

140 

108 

70 

1,435 

1888 

87 

72     72 

99 

96 

92 

99 

102 

85 

116 

87 

39 

1,046 

1889 

Records 

Incomplete. 

S.  V.  W. 

Co. 

Total  used. 

• 

968 

1890 

110 

81     81 

103 

123 

138 

152 

135 

166 

146 

114 

114 

1,463 

1891 

93 

89    102 

106 

115 

121 

161 

142 

124 

129 

75 

10 

1,267 

1892 

6 

5     11 

26 

31 

38 

18 

16 

31 

34 

216 

1893 

86 

87    136 

168 

188 

131 

90 

79 

68 

72 

'47 

"49 

1,201 

1894 

52 

50     85 

103 

34 

141 

159 

141 

50 

48 

30 

893 

1895 

110 

128    143 

150 

161 

176 

77 

107 

56 

67 

68 

30 

1,273 

1896 

57 

67     56 

76 

142 

165 

142 

121 

125 

135 

87 

97 

1,270 

1897 

96 

98    100 

151 

172 

173 

215 

192 

158 

56 

6 

1 

1,418 

1898] 
1899 

236 

118 

1900  1- 
1901 

Records 

incomplete. 

S.  V.  W. 

Co.  Totals  used 

1,45] 

1,219 

1902 
1903 

941 

123 

152    156 

160 

177 

159 

150 

136 

110 

82 

44 

41 

1,490 

1904 

49 

36    168 

174 

185 

176 

174 

157 

151 

185 

178 

83 

1,716 

1905 

64 

160    185 

176 

131 

154 

160 

175 

179 

133 

74 

62 

1,653 

1906 

85 

93    165 

96 

93 

98 

139 

145 

209 

237 

219 

61 

1,640 

1907 

74 

160     93 

122 

74 

72 

75 

180 

203 

199 

205 

139 

1,596 

1908 

3 

203     84 

55 

51 

30 

48 

99 

150 

161 

155 

91 

1,150 

1909 

148 

46     69 

97 

79 

51 

182 

211 

205 

212 

167 

62 

1,529 

1910 

62 

80    212 

190 

55 

39 

40 

40 

103 

209 

205 

124 

1,359 

1911 

73 

41     44 

158 

148 

155 

160 

160 

155 

161 

155 

127 

1.537 

1912 

61 

58     30 

21 

16 

6 



.... 



*192 

*Six  Months'  Total. 


DATA  USED  AS  BASIS  FOR  ANDERSON  REPORT. 
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DRAFT  ON  LAKE  MERCED. 
Million  Gallons. 


Year. 

Jan.   Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1877 

1 

97 

92 

91 

281 

1878' 
1879 

1880 

No  records. 

1881 

1882 

1883 

7     87 

141 

141 

169 

138 

153 

145 

118 

124 

116 

144 

1,483 

1884 

156    157 

155 

158 

79 

77 

82 

103 

100 

100 

92 

95 

1,354 

1885 

32     8 

97 

94 

97 

97 

110 

93 

50 

157 

111 

105 

1,051 

1886 

3 

147 

154 

118 

129 

109 

115 

775 

1887 

133    169 

133 

'lis 

"45 

166 

169 

165 

139 

114 

111 

126 

1,588 

1888 

184    130 

96 

168 

182 

172 

176 

151 

3 

1,262 

1889 

Records  incomplete. 

S.  V.  W 

Co. 

Total  used. 

712 

1890 

158    136 

137 

160 

155 

153 

158 

143 

54 

.... 

1,254 

1891 

10     89 

17 

"17 

ioo 

233 

1892 

100     91 

100 

"95 

'io9 

'io4 

126 

'126' 

'io3 

"98 

101 

98 

1,245 

1893 

5 

>  •  *  • 

.... 

58 

100 

100 

96 

100 

96 

100 

655 

1894 

99     90 

"86 

87 

130 

142 

10 

28 

100 

97 

100 

969 

1895 

33   .... 

42 

75 

1896 

•  •  •  . 

.  .  •  • 

None. 

1897 



.... 

None. 

1898 

1,127 

1899 

1,330 

1900 

565 

1901 

Records  incomplete. 

S.  V.  w 

Co. 

Totals  used. 

116 

1902 

1,774 

1903 

1,696 

1904 

1,333 

1905 

1,096 

1906' 

81     79 

9d 

166 

183 

56 

80 

85 

96 

102 

137 

98 

1,257 

1907 

94     89 

96 

124 

118 

109 

117 

159 

196 

68 

37 

21 

1,228 

1908 

40     40 

77 

87 

104 

101 

89 

85 

99 

96 

54 

36 

908 

1909 

64     9 

7 

68 

102 

81 

91 

94 

183 

176 

185 

83 

1,143 

1910 

81     46 

158 

201 

209 

90 

98 

100 

164 

185 

178 

208 

1,718 

1911 

122     74 

19 

42 

41 

110 

102 

110 

125 

153 

222 

1,120 

1912 

225    207 

136 

"42 

69 

42 

.... 

.... 

.... 

*721 

*Six  Months'  Total. 


Appendix  I. 

EVAPORATION  AND  TRANSPIRATION  FROM   THE  WET 
LANDS  IN  LIVERMORE  VALLEY 


BY 

C.  H.  Lee, 
Hydrographer  Los  Angeles  Aqueduct. 


The  following  report  contains  a  description 
of  the  method  employed  to  determine  the  amoxmt 
of  water  lost  from  the  wet  lands  of  Livermore 
Valley  near  Pleasanton. 

The  conclusions  are  based  on  a  field  examin- 
ation of  the  area  under  consideration  and  ap- 
plication of  the  resvilts  of  experiments  carried 
on  by  Los  Angeles  Aqueduct  Commission  in 
Owens  Valley,  modified  to  correspond  with 
local  conditions. 

Elevation  of  Water  Table. 

Four  days  (July  7  to  10,  1912)  were  spent 
near  Pleasanton  going  over  the  'ground  study- 
ing conditions.  The  map  prepared  by  F.  W. 
Roeding  of  the  Spring  Valley  Water  Company 
showing  the  position  of  the  contours  of  9  ft., 
6  ft.  and  2  ft.  depths  to  ground  water  June 
13-17,  1912  (see  accompanying  Map  No.  1),  was 
carefully  checked  on  the  ground,  by  measure- 
ments to  water  surface  in  shallow  wells  and 
ditches,  by  actual  tests  with  a  soil  auger,  and 
by  the  knowledge  of  vegetation  as  influenced 
by  shallow  ground  water,  gained  during  three 
years'  experience  with  a  similar  problem  in 
Owens  Valley,  where  extensive  field  measure- 
ments were  made. 

The  location  of  the  contours  shown  by  Mr. 
Roeding  is  substantially  correct.  The  only  im- 
portant change  is  between  Tassajero  and  Alamo 
Creeks  on  the  north  side  of  the  Valley  where 
the  9  ft.  contour  was  found  to  be  north  of  the 
I)osition  shown  for  a  distance  of  l^^  miles,  the 
greatest  deviation  being  %  mile,  near  the  first 


north  and  south  road  from  the  Livermore- 
Dublin  road  west  of  Santa  Rita.  This  change 
would  add  between  150  and  200  acres  to  the 
area  between  the  6  and  9  ft.  contours.  The 
final  result  would  not  be  appreciably  affected 
by  changing  the  location  of  contour. 

The  drainage  work  carried  on  in  the  valley 
for  agricultural  purposes,  since  about  1907,  has 
been  so  effective  that  the  original  tule  swamp 
which  existed  in  the  center  of  the  valley  has  al- 
most entirely  disappeared. 

The  original  area  of  this  swamp  is  an  import- 
ant factor  in  the  computations,  and  an  effort 
was  made  to  determine  its  boundaries.  Mr. 
Peach,  who  has  been  a  resident  of  Pleasanton 
since  1891,  in  the  employ  of  the  Alameda  Sugar 
Company,  and  more  or  less  engaged  in  the 
drainage  work,  and  familiar  with  early  condi- 
tions, kindly  went  over  the  ground  and  indi- 
cated the  approximate  boundaries  of  the  tule 
swamp  prior  to  drainage.  (See  accompanying 
map.) 

His  recollections  were  quite  definite  in  re- 
gard to  that  portion  in  the  central  valley  north 
and  west  of  Pleasanton,  but  not  so  definite 
when  it  came  to  the  long  arm  reaching  up 
Amador  Valley,  and  the  arm  eastward  toward 
Livermore  from  the  Santa  Rita  Road. 

Soil  Capillarity. 

In  order  to  determine  from  what  depth  the 
soils  of  the  valley  would  draw  water  by  capil- 
larity to  supply  evaporation,  tests  were  made 
by  borings  with  a  soil  auger.' 
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THE  EVAPORATION  FROM  SATURATED  SOILS  WILL  BE  CONSUMED. 
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CURVES    SHOWING    DIRECT    RELATION      BETWEEN    MEAN    MONTHLY    TEMPERATURE    AND 

EVAPORATION. 
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WATER    SURFACE   EVAPORATION. 
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It  was  found  that  most  of  the  soil  contains  a 
high  percentage  of  clay,  varying  from  the 
tenacious  black  adobe  of  the  upper  slopes,  to 
the  more  friable  peaty  soils  of  the  old  swamp. 
A  very  small  proportion  along  the  arroyos  is 
sandy  clay.  Inspection  of  the  clay  soils  showed 
moisture  within  two  inches  of  the  surface  any- 
where within  the  9  ft.  contour  depth  to  ground- 
water, indicating  that  eveporation  was  occur- 
ring from  practically  all  of  the  areas  within  this 
contour.  At  the  6  ft.  contour  and  within,  the 
surface  was  quite  moist  where  not  cultivated 
and  supported  the  vegetation  typical  of  shallow 
ground  water.  Where  the  surface  was  tilled  a 
kick  of  the  heel  would  uncover  moist  soil. 
Every  indication  went  to  show  that  at  the  time 
of  our  visit,  evaporation  was  occurring  to  a 
greater  or  less  extent  from  the  whole  area  with- 
in the  9  ft.  contour,  and  our  experience  in 
Owens  Valley  confirms  the  opinion  that  such 
was  the  case. 

Meteorological  Conditions. 

Consideration  of  meteorological  conditions 
was  the  next  step.  A  precipitiation  record  has 
been  kept  by  the  U.  S.  Weather  Bureau  at  Liv- 
ermore  from  1870  to  date.  This  will  be  found 
in  Table  1,  and  from  it  has  been  prepared  Dia- 
gram 1,  showing  graphically  the  seasonal  varia- 
tions, smoothed  out  by  plotting  three  year  pro- 
gressive averages,  computed  by  the  formula, 
a  +  2b  -I-  e 

b'  = 

4 
Temperature  records  are  also  available  for  Liv- 
ermore,  the  monthly  and  annual  averages  being 
given  in  Table  2,  together  with  those  of  San 
Jose,  Gilroy,  Independence,  Fresno  and  Berke- 
ley.   These  are  plotted  on  Diagram  2. 

Temperature  and  precipitation  records  have 
been  kept  at  Pleasanton  by  Mr.  Peach  for  the 
Alameda  Sugar  Company,  but  were  not  avail- 
able at  short  notice.  There  are  no  records  of 
humidity  or  wind  movement  in  the  Livermore 
Valley,  nor  evaporation. 

Evaporation  from  Free  Water  Surface. 

For  the  purpose  of  determining  the  value  for 
the  rate  of  evaporation  from  water  at  Pleasan- 
ton, the  records  at  various  points  were  consid- 
ered (Table  3  and  Diagram  3)  in  connection 
with  the  temperature  records  at  nearby  points. 


The  record  at  Kingsburgh  in  San  Joaquin 
Valley,  20  miles  southeast  of  Fresno,  kept  by 
the  State  Engineering  Department,  extending 
over  four  years,  is  reliable.  It  represents  the 
evaporation  from  a  reservoir  surface.  The  aver- 
age temperature  at  Fresno  is  higher  than  at 
Livermore  and  the  range  greater.  The  winters 
are  slightly  cooler  and  the  summers  consider- 
ably warmer.  The  humidity  is  probably  about 
the  sam.e. 

The  record  at  Berkeley  was  obtained  on  the 
University  Campus  from  a  deep  tank  set  in  the 
soil  and  probably  does  not  depart  far  from  the 
results  which  would  be  obtained  from  a  reser- 
voir. The  average  temperature  is  less  than  at 
Livermore  and  the  relative  humidity  is  prob- 
ably considerably  greater  on  account  of  the  ocean 
fogs  which  seldom  extend  into  the  Livermore 
Valley. 

The  record  at  Laguna  Seca  in  mountains  east 
of  the  Santa  Clara  Valley  was  made  by  the  Bay 
Cities  Water  Company.  It  represents  rather 
extreme  conditions  for  that  region.  Two  other 
records  by  the  Company  in  the  Santa  Clara 
Valley  show  an  annual  depth  of  reservoir  evap- 
oration of  45  inches.  The  temperature  in  Santa 
Clara  Valley  at  San  Jose  is  slightly  less  than  at 
Livermore  and  the  humidity  probably  about 
equal.  These  records  were  made  under  condi- 
tions similar  to  those  at  Pleasanton. 

On  account  of  the  strong  dry  winds  blowing 
down  from  the  San  Eamon  Valley  every  after- 
noon during  summer,  the  annual  evaporation 
from  this  region  is  probably  greater  than  45 
inches.  We  have  adopted  a  depth  of  annual 
evaporation  of  48  inches,  as  taking  place  from 
open  water  surface  in  a  reservoir  in  the  vicinity 
of  Pleasanton,  with  the  monthly  distribution 
observed  in  the  Santa  Clara  Valley  records. 
(Table  4.) 

Soil  Evaporation. 

In  determining  evaporation  losses  from  damp 
lands  and  swamp  areas  in  the  Livermore  Valley 
there  are  two  parts  to  be  considered :  First,  the 
determination  of  evaporation  and  transpiration 
from  the  central  swamp  area  supporting  a  rank 
vegetation  of  tule,  bullrush,  wild  celery  and  wil- 
low; and  second,  the  similar  loss  from  the  cir- 
cumscribing zone  of  damp,  more  or  less  alkali 
soil  supporting  grasses  of  various  kinds. 
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This  year  the  area  of  swamp  lands  is  so  small 
that  the  first  problem  does  not  enter,  but  prior 
to  effective  drainage  it  was  the  most  important 
of  the  two. 

This  swamp  area  lays  over  a  portion  of  the 
artesian  basin  and  had  a  permanent  existence 
prior  to  drainage.  It  is  shown  on  the  official 
map  of  Alameda  County,  surveyed  in  1874,  as 
a  lagoon  covering  much  the  same  area  as  in- 
dicated by  Mr.  Peach. 

The  seasons  1873-74  and  1874-75  were  both 
below  normal  in  precipitation,  so  that  the  area 
there  shown  is  probably  slightly  smaller  than 
normal.  The  area  indicated  by  Peach  may  be 
larger  than  normal  on  account  of  the  heavy  pre- 
cipitation of  the  seasons  1888-89  and  1895-96, 
whose  effect  would  hold  over  due  to  storage  in 
the  gravel  and  the  retentive  character  of  the 
soils  to  the  north.  It  will  be  noted  that  the 
greatest  extensions  of  the  area  are  in  the  direc- 
tion of  the  sources  of  supply,  Arroyo  Mocho 
and  Alamo  Creek. 

The  vegetation  of  the  swamp  area  is  that 
typical  of  flooded  land,  and  has  a  rapid  and 
rank  growth.  The  new  growth  commences 
about  March  1st  and  growth  ceases  probably  in 
November.  The  rate  of  transpiration  is  great- 
est during  the  growing  season  and  varies  with 
the  leaf  area.  It  has  been  observed  in  Owens 
Valley  that  a  continual  shower  of  mist  falls 
from  willow  trees  during  the  summer  months 
in  the  hottest  part  of  the  day,  indicating  that 
the  rate  of  transpiration  exceeds  the  rate  of 
evaporation  from  the  leaves.  Actual  measure- 
ment on  alfalfa  in  Owens  Valley  shows  the 
transpiration  from  blooming  plants  to  be  0.49 
inches  per  24  hours  on  a  day  when  the  depth  of 
water  evaporating  from  a  pan  floating  in  Owens 
River  was  0.30  inches.  Measurements  by  Ger- 
man investigators  show  loss  from  meadow  grass 
during  the  growing  season  to  be  1.92  times  that 
from  water  surface.  (Bulletin  No.  7,  Forestry 
Division,  U.  S.  Dept.  of  Agriculture.)  Tule  in 
the  Livermore  Valley,  when  burned,  leaves  a 
hollow  tube  of  non-combustible  ash,  represent- 
ing the  amount  of  surplus  mineral  matter  which 
accumulates  in  the  plant  during  the  growing 
season.  All  data  points  to  a  rate  of  transpira- 
tion from  the  swamp  area  greater  than  that 
from  water. 

We  have  concluded  that  a  maximum  rate  of 
transpiration  from  the  swamp  occurs  in  July, 


of  1.75  times  that  from  a  water  surface;  that 
the  increase  from  a  very  small  value  during  the 
months  of  November  to  February  commences 
about  March  1st  and  increases  rapidly  at  first 
and  then  more  gradually  toward  the  maximum, 
and  that  the  decrease  is  gradual  to  the  winter 
minimum. 

In  Table  5  is  shown  the  resulting  loss  from 
the  swamp  area. 

For  the  circumscribing  zone  of  saltgrass  and 
alkali  land  the  conditions  are  almost  identical 
with  those  of  the  Owens  Valley  experiments. 
The  mean  annual  temperatures  are  nearly  the 
same  and  although  there  is  a  greater  range 
through  the  year  at  Independence,  yet  the  mean 
temperatures  of  the  critical  months,  April  and 
September,  are  practically  equal.  Hence  the 
general  shape  of  curves  of  evaporation  for  shal- 
low ground  water  fluctuation,  is  similar  in  the 
two-  localities  and  points  of  flexure  occur  at 
about  the  same  time.  The  soil  evaporation 
curves  are  constructed  for  the  periods  October 
1st  to  March  31st  and  April  1st  to  September 
30th,  as  in  the  Owens  Valley. 

The  three  conclusions  justified  by  the  Owens 
Valley  experim^ents  are: 

1.  Soil  evaporation  decreases  directly  with 
depth  to  ground  water  surface. 

2.  There  is  a  definite  depth  below  which 
evaporation  from  ground  water  ceases. 

3.  The  evaporation  for  soil  .growing  salt- 
grass  when  ground  water  stands  near  the  sur- 
face is  1.15  times  that  from  a  free  water  surface 
during  the  summer  period,  and  45%  during  the 
winter  season  of  no  growth. 

In  the  Livermore  Valley,  the  critical  depth  is 
about  9  ft.  The  period,  October  1st  to  March 
31st,  includes  part  of  a  growing  season,  thus 
differing  from  the  Owens  Valley.  With  conse- 
quent larger  evaporation  we  have  adopted  a 
value  of  90%  in  these  computations  for  this 
period.  From  this  data  Diagram  4  is  con- 
structed, using  the  free  water  surface  evapora- 
tion as  shown  by  Table  4. 

Amount  of  Water  Evaporated. 

The  total  loss  of  water  by  evaporation  was 
calculated  for  three  conditions: 

1.  The  conditions  of  depth  to  ground  water, 
found  by  Roeding  June  13-17,  1912. 

2.  The  conditions  as  shown  on  official  map 
of  Alameda  County  of  1874. 
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3.  The  conditions  between  1891  and  1906  as 
indicated  by  Mr.  Peach. 

For  the  two  latter  cases  Mr.  Roeding's  9  ft. 
contour  was  adopted  as  representing  the  outside 
boundary  of  moist  soil.  This  assumption  cannot 
be  far  from  right,  since  the  hills  limit  material 
change,  and  the  fact  of  no  floods  in  the  past 
winter,  shows  that  the  soil  is  kept  moist  from 
ground  water  alone.  The  areas  are  shown  on 
the  accompanying  map. 

The  result  of  computations  are  shown  on 
Table  5.  For  the  first  case,  values  for  soil  evap- 
oration for  the  saltgrass  area  were  read  direct 
from  Diagram  4.  This  was  also  done  in  cases 
two  and  three. 

The  depth  of  evaporation  from  the  swamp 
area  in  the  latter  cases  is  determined  as  pre- 
viously mentioned  in  this  report.  It  is  assumed 
that  the  depth  of  ground  water  on  the  outer 
edge  of  the  swamp  would  be  3  ft.,  the  depth  at 
which  tule  would  cease  to  grow.  Depths  to 
ground-water  within  given  contours  were  aver- 
aged by  judgment,  where  there  was  not  uni- 
form variation  in  depth. 

June  15th  represents  the  date  of  average  an- 
nual ground  water  level  according  to  the  meas- 
urements in  Owens  Valley.  The  value  of  10  M. 
G.  D.  for  the  evaporation  loss  under  the  condi- 
tions found  by  Mr.  Roeding  represents  an  aver- 
age for  the  year  1912. 

The  result  obtained  from  the  area  of  the  la- 
goon in  1874  is  probably  slightly  smaller  and 
that  from  Mr.  Peach's  area  greater  than  the 


average.  We  conclude  that  a  value  of  21  M. 
G.  D.  represents  the  average  annual  loss  by 
evaporation  and  transpiration  from  the  wet 
lands  of  the  Livermore  Valley  prior  to  effective 
drainage  of  the  tule  swamp  in  1907. 

The  difference  between  10  M.  G.  D.  and  21  M. 
G.  D.  is  partly  due  to  the  fact  that  the  season 
1911-12  is  below  normal  in  precipitation  and 
further  due  to  the  drainage  of  the  land  by 
which  water  is  conducted  from  the  land  as  sur- 
face flow,  which  formerly  was  lost  by  evapora- 
tion 

Conclusions. 

In  the  foregoing  it  has  been  shown  that  drain- 
age of  the  swamp  lands  and  lowering  of  the 
ground  water  surface  has  reduced  the  evapora- 
tion from  a  yearly  average  of  20-24  M.  G.  D.  to 
10  M.  G.  D.  in  1912. 

It  is  intended,  when  operating  the  gravel 
basin  as  a  reservoir,  to  permanently  maintain 
the  ground  water  surface  at  or  near  the  9-foot 
elevation,  and  thereby  reduce  the  yearly  evap- 
oration loss  to  a  minimum. 

It  is  not  believed,  however,  that  the  total 
amount  of  the  evaporation  loss,  which  occurred 
from  the  basin  prior  to  drainage,  could  be  re- 
covered, since  there  are  local  areas  which  will 
not  drain  readily,  and  the  cost  of  developing 
the  last  drop  will  be  relatively  too  great. 

A  fair  value  of  the  proportion  which  can  be 
economically  saved  would  be  75%  of  the  total 
or  15.7  M.  G.  D.  per  annum. 


TABLE  1. 
NORMAL  TEMPERATURES,  U.  S.  W.  B. 


July-June,  Total  in 

inches. 

1871-72 19.06 

1872-73 10.69 

1873-74 12.26 

1874-75 11.67 

1875-7'6 19.99 

1876-77 6.01 

1877-78 17.66 

1878-79 10.11 

1879-80 15.98 

1880-81 16.45 

1881-82 11.70 

1882-83 13.86 

1883-84 22.75 

1884-85 12.01 

1885-86 16.17 

1886-87 11-17 

1887-88 13.13 

1888-89 15.81 

1889-90 28.66 

1890-91 14-16 

1891-92 14-25 


Three-year 

progressive 

means, 

inches. 

13.17 
11.72 
13.90 
14.42 
12.42 
12.86 
13.46 
14.63 
15.14 
13.43 
15.54 
17.84 
15.74 
13.88 
12.91 
13.31 
18.35 
21.82 
17.81 
17.24 


Depar- 
ture 
from 
normal, 

inches. 

—2.65 
—4.10 
—1.92 
—1.40 
—3.40 
—2.96 
—2.36 
—1.19 
—0.68 
—2.39 
—0.28 
-f2.02 
—0.08 
—1.94 
—2.91 
—2.51 
-F2.53 
-f6.00 
-fl.99 
-fl.42 


Three-year 
-r  ,      -,  progressive 

July-June.                              Total  in  means, 

inches.  inches. 

1892-93 26.29  20.99 

1893-94 17.16  21.24 

1894-95 24.37  20.56 

1895-96 16.35  18.59 

1896-97 17.28  15.00 

1897-98 9.11  11.19 

1898-99 9.27  10.09 

1899-00 12.72  13.61 

1900-01 19.72  17.24 

1901-02 16.80  16.89 

1902-03 14.25  14.66 

1903-04 13.33  14.18 

1904-05 15.81  16.07 

1905-06 19.32  19.40 

1906-07 23.14  18.88 

1907-08 9.93  15.39 

1908-09 18.58  15.39 

1909-10 14.50  17.22 

1910-11 21.28 

1911-12 ;;;; 

Mean 15.82 


Depar 
ture 
from 
normal, 
inches. 
-F5.17 
-f5.42 
-1-4.74 
-1-2.77 
—0.82 
—4.73 
—5.73 
—2.21 
-t-1.42 
-1-1.07 
—1.16 
—1.64 
-fO.25 
-1-3.58 
-1-3.06 
—0.43 
—0.43 
+1A0 


TABLE    2. 

NORMAL  TEMPERATURES,  U.  S.  W.  B. 

An- 

Station.                              Jan.        Feb.     March.    April.    May.     June.     July.       Aug.  Sept.  Oct.  Nov.  Dec.  nual. 

Livermore 49.3       51.6       53.8       56.9       61.4       67.6       70.1       69.6  C8.2  62.8  54.9  50.5  59.7 

San  Jose 48.3       50.6       53.7       56.7       60.7       65.0       66.9       66.7  64.7  60.3  54.4  49.9  58.2 

Gilroy 46.5       49.3       53.7       57.8       62.5       67.0       68.8       67.9  66.0  60.3  52.8  48.0  58.4 

Independence 40.4       44.6       49.4       56.8       62.8       72.6       78.6       76.2  68.9  58.7  48.6  40.2  58.1 

Fresno 45.4       49.2       54.9       61.2       68.4       75.8       82.0       81.2  74.3  64.7  54.6  47.8  64.4 

Berkeley 47.6       49.7       51.7       54.0       57.3       00.9       61.0       60.9  61.3  58.9  54.6  48.9  55.6 


TABLE    3. 
MEASURED  RATES  OP  EVAPORATION  PROM  WATER  SURFACES. 


INDEPENDENCE. 

%of 
Total      Rate  in     annual 
in        inches  per    evap. 
,_      .,  inches.  24  hours,     each 

Month.  month. 

January 1.68  .054  2 

February     ....  2.45  .088  4 

March 4.92  .159  7 

April         7.18  .239  11 

May 8.94  .288  13 

June      10.00  .334  15 

July 9.45  .304  14 

August 8.10  .261  12 

September  .  .  6.45  .215  10 

October 4.05  .130  6 

November  ....  2.48  .083  4 

December  ....  1.54  .050  2 


KINGSBURGH. 

%of 
Total      Rate  in    annual 
in       inches  per   evap. 
inches.   24  hours,     each 


0.81 
1.18 
2.54 
2.76 
4.22 
6.66 
8.37 
9.05 
6.69 
3.56 
2.13 
1.18 


.026 
.042 
.082 
.092 
.136 
.222 
.270 
.292 
.223 
.115 
.071 
.038 


month. 

2 

2 

5 

6 

9 
14 
17 
18 
14 

7 

4 

2 


BERKELEY. 

%0f 
Total      Rate  in     annual 
in       inches  per    evap. 
inches.  24  hours,     each 


1.00 
1.36 
2.11 
3.14 
4.70 
5.68 
5.52 
5.09 
4.65 
4.27 
2.68 
1.35 


.032 
.048 
.068 
.105 
.152 
.189 
.178 
.164 
.155 
.138 
.089 
.044 


month. 

2 

3 

5 

8 
11 
14 
13 
12 
11 
10 

7 

3 


DAGUNA    SEGA. 

%of 

Total      Rate  in     annual 

in       inches  per   evap. 

inches.  24  hours. 


1.00 
1.00 
2.60 
3.70 
5.20 
7.30 
8.90 
8.30 
7.30 
3.60 
2.10 
1.00 


.032 
.036 
.084 
.123 
.168 
.243 
.287 
.268 
.243 
.116 
.070 
.032 


each 
month 

2 

2 

5 

7 
10 
14 
17 
16 
14 

7 

4 

2 


Total  .  .   . 
Reference: 


.     67.24         .184       100  49.15         .134       100 

Eng.  News,  Oct.  12,  1911.   Eng.  News,  Aug.  13,  1908, 


41.55         .114         99  52.00         .142       100 

U.  S.  D.  A.,  office  of  Exp.  j3„„    News    Ti'elh    29    IQI? 
Station,  Bui.  177.  page  36.      ^-  ^^«w^'  *«*°-  ^».  '■^'■'^■ 


TABLE  No.  4. 

ASSUMED  EVAPORATION  PROM  WATER  SURFACE  AT  PLEASANTON. 

Month.  Jan.         Feb.     March.    April.    May.      June.      July.       Aug.  Sept.       Oct.        Nov. 

Per  cent  of  annual....     2  2  5  7  10         14         17  16         14  7  4 

Evaporation,  inches  .   .   0.96       0.96       2.40       3.36      4.80       6.72       8.16      7.68  6.72       3.36       1.92 


An. 
Dec.      nual. 
2  100 

0.96  48 


TABLE   5. 
TOTAL  VOLUME  OP  EVAPORATION  PROM  MOIST  AND  SWAMPY  LANDS   OP  LIVERMORE  VALLEY. 


Area  in 
Enclosing  contours,      acres. 

0-2  feet 255 

2-6  feet 2,538 

6-9  feet 5,466 

Total   8,259 

Tule  swamp      2,138 

3-9  feet 6,121 

Total 8,259 

Tule  swamp 3,757 

3-9  feet 4.502 

Total 8,259 


Average 

depth 

Depth  of  evaporation, 

inches. 

Equivalent  flow  for  one 

Date  and  authority 

to  ground 

year 

for  areas. 

water,  in 

Summer. 

Winter. 

Total. 

Sec.  feet. 

M.  G.  D. 

feet. 

1.5 

36.0 

8.0 

44.0 

1.29 

0.83 

4.0 

24.0 

5.5 

29.5 

8.63 

5.57 

r.  W.  Roeding, 

7.5 

7.3 

1.7 

9.0 

5.67 

3.66 

June  13-17, 1912. 

— 

15.59 

10.06 

Official  Map, 

Surface 

— 

— 

66.0 

16.23 

10.50 

Alameda  Co., 

5.5 

17.0 

3.8 

20.8 

14.67 

9.48 

1874. 

— 

30.90 

19.98 

Mr.  Peach, 

Surface 

— 

— 

66.0 

28.52 

18.42 

1891  to  1906. 

6.0 

14.5 

3.3 

17.8 

9.23 

5.96 

—  37.75 


24.38 
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Appendix  J. 

REPORT  BY  J.  B.  LIPPINCOTT,  ASSISTANT  CHIEF  ENGINEER 
OF  THE  LOS  ANGELES  AQUEDUCT,  ON  ERRORS  IN  COM- 
PUTATION OF  FLOW  OF  ALAMEDA  CREEK,  APPEAR- 
ING IN  WATER  SUPPLY  PAPER  No.  81 


San  Francisco,  Cal.,  Sept.  28,  1912. 
S.  P.  Eastman,  Esq.,  Vice  President  &  Manager, 
Spring  Valley  Water  Co. 

Dear  Sir:  Mr.  John  R.  Freeman  and  Mr. 
Cyril  Williams,  Jr.,  in  their  reports  to  the  Board 
of  Army  Engineers  who  are  to  report  to  Secre- 
tary of  the  Interior  on  the  Application  of  the  City 
of  San  Francisco  for  rights  of  way  for  the 
Hetch  Hetchy  aqueduct,  have  called  attention 
to  differences  in  estimated  flow  of  Alameda 
Creek  at  the  Niles  Dam  as  computed  by  the 
Engineers  of  the  Spring  Valley  Water  Com- 
pany, and  those  published  in  the  U.  S.  Geological 
Survey  Water  Supply  Paper  No.  81,  edited  by 
myself. 

The  purpose  of  publishing  Water  Supply 
Paper  No.  81  was  to  assemble  and  preserve  all 
data  relative  to  the  water  supply  of  California, 
including  not  only  official  records  of  the  State 
and  Federal  Government,  but  also  all  private 
records  that  could  be  obtained. 

Data  Used  as  Basis  of  Water 
Supply  Paper  No.  81. 

In  making  this  compilation  it  was  found  that, 
in  a  certain  law  suit  tried  in  Alameda  County, 
entitled  "Clough  vs.  Spring  Valley  Water  Com- 
pany", involving  water  rights  to  Alameda  Creek, 
testimony  had  been  introduced  showing  gage 
heights  observed  by  the  Spring  Valley  Water 
Company  on  the  Niles  Weir  intermittently  from 
1889-1900,  inclusive.  No  computations  were 
given  in  this  evidence  for  the  discharge  over  the 
weir.  The  gage  height  notes  referred  to  the 
length  of  the  weir  as  60  feet,  except  in  certain 
cases  where  in  low  water  the  length  was  reduced 
by  flash  boards.  As  far  as  I  remember,  there 
were  no  drawings  giving  the  dimensions  of  this 
weir  that  were  available,  and  the  true  conditions 
at  the  weir  were  not  known  at  the  time  of  the 


computations  in  the  office  of  the  U.  S.  Geological 
Survey. 

In  presenting  the  estimates  in  Water  Supply 
Paper  No.  81,  the  following  statement  is  given, 
(Page  32)  : 

"When  the  water  reaches  high  stages  it 
fills  the  rectangular  weir  opening  and  flows 
over  the  top  of  the  walls  of  the  dam  on  the 
side,  so  that  the  large  flood  measurements 
that  have  been  computed  contain  consider- 
able elements  of  error.  The  measurements 
of  smaller  volumes,  however,  are  doubtless 
more  accurate." 

And  again  on  Page  33 : 

"While  the  record  is  not  considered  per- 
fect, it  is  the  best  obtainable  and,  in  view 
of  the  extent  of  the  data,  it  is  deemed  to  be 
worthy  of  publication." 

Effort  has  been  made  for  the  past  few  months 
to  obtain  the  original  computation  books  of  the 
U.  S.  Geological  Survey,  in  which  these  flows 
are  estimated,  and  they  have  just  lately  been 
found  in  their  Los  Angeles  Office.  They  are  en- 
titled, "U.  S.  Geological  Survey,  Hydrographic 
Branch,  River  Heights  Observations",  and  they 
are  numbered  281,  282,  283  and  284.  The  rec- 
ords of  gage  heights  therein,  together  with 
length  of  weir,  have  been  compared  with  "Ex- 
hibit No.  11",  Page  1078,  Vol.  2,  of  the  Tran- 
script of  Appeal  to  the  Supreme  Court  of  the 
State  of  California,  in  the  case  of  Jane  R. 
Clough  vs.  Spring  Valley  Water  Company,  and, 
with  few  unimportant  exceptions,  are  found  to 
be  an  accurate  copy.  It  has  also  been  compared 
with  the  Company's  office  records  and  it  practi- 
cally agrees  with  them. 

This  exhibit  is  a  record  of  gage  heights  and 
not  of  discharge.  I  do  not  remember  who  made 
the  computations  for  the  Geological  Survey  and 
no  name  is  signed  to  this  record. 
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On  the  front  page  of  U.  S.  Geological  Surve.v 
•rscord  book,  No.  281,  there  is  given  a  sketch  nf 
ne  Niles  Weir  which  was  used  in  these  compu- 
ntions,  a  photo  copy  of  which  is  attached  to 
this  letter.  (See  page  18.)  It  will  be  noted 
that  the  sides  of  the  weir  are  shown  131/2  feet 
high.  No  authority  for  this  section  can 
now  be  found.  The  flows  are  computed 
for  a  60-foot  weir,  except  in  instances 
where  the  exhibit  shows  the  weir  to  be  less 
than  60  feet.  The  Francis  formula  was 
used.  An  inspection  of  the  computations  clearly 
shows  that,  in  no  case,  was  the  flow  over  the  weir 
considered  to  be  more  than  60  feet  in  length.  In 
only  one  instance,  in  Exhibit  No.  11,  is  a  greater 
width  than  60  feet  indicated.  This  was  between 
March  16th  and  18th,  1899,  inclusive,  and  also 
between  March  20th  and  30th,  1899,  inclusive. 
This  is  also  shown  on  Page  24  of  Book  283.  Dur- 
ing this  period  the  stream  was  in  flood  and  a 
maximum  gage  height  of  7  feet  is  given.  In 
both  of  these  instances,  the  Geological  Survey 
computer  questioned  the  length  of  the  weir  and 
has  eliminated  the  record  for  that  period.  This 
month's  record  is  also  eliminated  in  Water  Sup- 
ply Paper  No.  81  and  marked  "incomplete" 

More  Complete  Data  Now  Available. 

Measurements  have  been  lately  made  of  the 
Niles  Weir  by  representatives  of  the  various  par- 
ties to  this  discussion  and  the  section  shows  that 
whenever  the  head  of  the  gage  exceeds  12  inches, 
the  weir  is  increased  in  length  from  60  feet  2 
inches  to  131  feet  6  inches,  and  when  the  head  is 
increased  23  inches  more  the  total  length  of  the 
weir  becomes  approximately  166  feet.  This  ex- 
plains why  the  computations  of  the  Geological 
Survey  are  markedly  less  in  amount  for  the  large 
flows  on  this  weir  than  the  computations  made 
by  others  who  have  had  the  detailed  dimensions 
of  the  weir  and  who  have  properly  used  these  in- 
creased lengths. 

While  Water  Supply  Paper  No.  81  states, 
"when  the  water  reaches  high  stages,  it  fills  the 
rectangular  weir  opening  and  flows  over  the  top 
of  the  walls  of  the  dam  on  the  side,  so  that  all 
flood  measurements  that  have  been  computed 
contain  considerable  elements  of  error",  yet 
there  was  no  exact  understanding  at  the  time  of 
the  U.  S.  Geological  Survey  Computations  of 
how  excessive  these  extra  amounts  really  were. 
This  error  is  greatly  regretted. 


When  I  took  up  with  others,  in  February, 
1912,  the  study  of  the  available  water  supply  of 
the  Livermore  Valley,  it  was  considered  that  the 
measurements  and  computations  made  by  the 
Engineers  of  the  Spring  Valley  Water  Company, 
who  were  familiar  with  the  weir  and  all  the  local 
conditions  during  the  period  of  observation, 
were  the  more  exact. 

The  weir  is  irregular  and  defective  and,  at 
best,  computations  of  flow  over  it  are  only  ap- 
proximations. The  computations  of  the  Spring 
Valley  Water  Company  had  been  used  by  Mr. 
Schussler,  Mr.  Williams  and  Mr.  Herrmann  and 
were,  therefore,  a  common  basis  for  study. 

Computations  of  the  flow  over  this  weir  have 
lieen  made  during  the  past  few  months  by  G.  G. 
Anderson,  Prof.  Jos.  N.  Le  Conte,  of  the  State 
University,  and  Mr.  F.  C.  Ilerrmann,  Chief  En- 
gineer of  the  Spring  Valley  Water  Company, 
have  also  made  computations  based  on  the  flow 
over  models  of  1/19  the  size  of  the  Niles  Weir 
and  of  its  surrounding  conditions,  and  a  further 
.study  has  also  been  made  by  a  committee  of 
Engineers,  consisting  of  Mr.  C.  B.  Grunsky, 
Prof.  Chas.  Marx  and  Prof.  C.  G.  Hyde.  In  view 
of  these  four  studies  and  of  the  amount  of  time 
required  to  again  go  through  all  the  records  the 
flow  is  not  recomputed,  but  it  is  recommended 
that  the  weir  be  rated  by  your  engineers  by 
actual  river  measurements,  for  the  sake  of  future 
computations. 

For  the  period  extending  from  November, 
1889,  to  June,  1911,  the  mean  flow  as  determined 
by  the  computations  of  the  Spring  Valley  Water 
Company,  for  the  Niles  and  Sunol  Weirs,  was 
137.7  M.  G.  D.  The  flow  for  this  same  period, 
by  Mr.  Anderson,  was  158.0  M.  G.  D.  The  flow 
computed  from  the  Le  Conte  and  Herrmann 
models  was  150.2  M.  G.  D.  Each  of  these  par- 
ties have  filed  report  giving  their  methods  in 
detail.  A  table  is  attached  presenting  a  sum- 
mary of  their  conclusions. 

The  results  of  the  computations  made  for  the 
City  by  the  Engineering  Committee,  above  re- 
ferred to,  are  not  available  to  your  Company. 
As  your  computations  have  been  used  by  Mr. 
Freeman  and  Mr.  Williams,  presumably  they 
are  confirmed.  These  computations  by  Messrs. 
Hyde,  Marx  and  Grunsky  are  valuable  and 
should  be  presented  to  the  Board  of  Engineers. 

It  is  safe  to  accept  the  data  presented  by  the 
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Spring  Valley  Water  Company  in  its  table, 
which  has  their  serial  number  A-163,  and  which 
has  been  extensively  used  in  the  study  of  the 
water  supply  available  from  Alameda  Creek. 

Efforts  were  made  by  Mr.  MulhoUand,  Mr. 
Herrmann  and  myself  to  confer  with  Mr.  Free- 
man concerning  differences  of  opinion  that  have 
arisen  relative  to  the  available  water  supply  of 
Livermore  Valley,  but  although  two  dates  were 
set,  to  our  regret  Mr.  Freeman  notified  us  of  his 
inability  to  meet  us. 

As  the  published  records  of  the  Geological 
Survey  were  not  used  by  any  of  the  Engineers 
involved  in  this  study,  it  is  singular  that  so  much 
time  and  attention  should  have  been  given  to 
them,  especially  as  this  published  record  dis- 
tinctly disclaims  accuracy. 

A  copy  of  this  letter  will  be  sent  to  the  Hydro- 
graphic  Branch  of  the  U.  S.  Geological  Survey 
with  the  request  that  they  give  due  notice  of  the 
facts  contained  herein. 

Yours  very  truly, 

J.  B.  LIPPINCOTT. 


COMPARATIVE  ESTIMATES  OF  FLOW   OF   ALA- 
MEDA CREEK. 

Le  Conte 

Year          Unrevised  and  U.  S. 

S.  V.  W.  Co.  Anderson  Herrmann  G.  S. 

1889-90          153,634  184,476  165,907  93,202 

1890-91           36,590  42,359  38,931  25,250 

1891-92           19,348  21,574  20,905  14,749 

1892-93          102,039  119,642  117,511          

1893-94           55,638  72,539  59,202          

1894-95           81,565  98,232  86,422  62,177 

1895-96           37,231  43,255  39,967  25,740 

1896-97           63,825  75,351  67,771  42,422 

1897-98             3,732  3,951  4,498          

1898-99           24,623  25,923  23,091          

1899-00           14,960  20,052  19,085  12,078 

1900-01            31,828  42,124  40,038          

1901-02           19,793  29,146  30,861          

1902-03           23,199  39,698  37,854          

1903-04           37,771  35,414  36,464          

1904-05           20,254  20,017  20,451          

1905-06           63,134  62,728  67,662          

1906-07         102,917  105,581  104,856          

1907-08           21,189  20,473  20,703          

1908-09           83,989  82,130  79,470          

1909-10           33,949  31,156  32,536          

1910-11            74,852  92,004  92,425          

Av.  Yearly.    50,275  57,628  54,846  39,374 

Av.  Daily         137.7  158.0  150.2  107.7 

NOTE:    Run-off  of  Alameda  Creek,  plus  Belmont  pumps. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington. 

Water  Resources  Branch.        October  17,  1912. 

Mr.  J.  B.  Lippincott,  Assistant  Chief  Engineer, 

Bureau  of  the  Los  Angeles  Aqueduct, 

Central  Building,  Los  Angeles,  Cal. 

Dear  Mr.  Lippincott:  Your  letter  of  October 
10,  in  regard  to  errors  in  published  data  for 
Alameda  Creek,  arrived  just  in  time  to  stop  the 
republication  of  these  data  in  the  special  Water 
Supply  Papers  which  are  now  being  prepared, 
covering  all  available  stream-flow  data  in  the 
State.  The  time  is  too  short  to  make  any  investi- 
gation of  the  matter,  as  the  report  which  will 
contain  these  data  is  now  in  proof,  so  we  have 
cut  the  records  out  and  substituted  the  inclosed 
statement. 

I  am  sending  to  Mr.  McGlashan  at  San  Fran- 
cisco the  data  which  you  submitted  with  your 
letter,  so  that  he  may  look  into  the  matter,  and, 
in  case  you  desire  the  material  returned  to  you, 
you  can  write  to  him  for  it. 
Very  truly  yours, 

JOHN  G.  HOYT, 
Acting  Chief  Hydrographer. 


Alameda  Creek,  in  Alameda 
County,  Cal. 

Estimates  of  discharge  for  1889-1900  for  Ala- 
meda Creek  at  Niles  Dam  have  been  published 
in  Water-Supply  Paper  No.  81.  These  estimates 
were  computed  by  engineers  of  the  United 
States  Geological  Survey  from  gage  height  rec- 
ords presented  as  Exhibit  11  in  a  suit  entitled 
"Clough  vs.  Spring  Valley  Water  Co.  of  San 
Francisco,"  tried  in  the  Alameda  County  Supe- 
rior Court,  in  the  fall  of  1901. 

Since  the  proof  of  this  report  has  been  re- 
ceived, attention  of  the  Survey  has  been  called 
to  the  fact  that  the  published  estimates  do  not 
agree  with  estimates  made  by  other  parties. 
Upon  investigation  it  was  found  that  the  base 
data  used  were  incorrect  and  that  the  flood  dis- 
charge was  much  greater  than  the  published  esti- 
mates. Lack  of  time  before  this  report  goes  to 
press  renders  it  impossible  to  revise  these  esti- 
mates, and  they  are  therefore  omitted  from  this 
report. 


OFFER  OF  SPRING  VALLEY  WATER  COMPANY  TO  SELL  ITS 
WORKS  TO  THE  CITY  OF  SAN  FRANCISCO 


San  Francisco,  Cal.,  September  14,  1912. 
Honorable  James  Rolph,  Jr.,  Mayor,  Percy  V. 
Long,  City  Attorney,  Thomas  Jennings, 
Chairman  Finance  Committee,  Alexander 
T.  Vogelsang,  Chairman  Public  Utilities 
Committee,  and  Curtis  H.  Lindley,  Esq., 
Comprising  the  City  Advisory  Water 
Committee,  and  the  Members  of  the  Board 
of  Supervisors  of  the  City  and  County 
of  San  Francisco, 

Gentlemen : 

Regarding  the  Purchase  of  Works 
by  the  City. 

At  the  meeting  of  the  board  of  directors  of  the 
Spring  Valley  Water  Company,  held  on  the 
15th  day  of  August,  1912,  your  communication 
dated  August  9th,  1912,  was  referred  to  a  special 
committee,  theretofore  appointed  to  represent 
the  company  in  the  pending  negotiations  with 
the  city  for  the  purchase  of  the  company's 
works.  The  committee  was  not  able  to  make  its 
report  to  the  board  until  the  12th  day  of  the 
present  month,  on  which  date  a  special  meeting 
was  held  for  the  purpose  of  receiving  it,  and  to 
act  upon  the  offer  contained  in  your  letter  of 
August  9th.  The  board  of  directors,  at  that 
meeting,  unanimously  resolved  that  it  could  not, 
in  justice  to  its  stockholders,  accept  the  offer 
made  by  you,  and,  by  formal  resolution,  under 
authority  with  which  it  has  been  invested  bv 
the  stockholders  by  resolution  passed  at  the 
annual  meeting  in  April  of  this  year,  authorizes 
the  offer  which  follows,  namely: 

To  sell  to  the  City  and  County  of  San  Fran- 
cisco all  of  the  property  of  the  Spring  Valley 
Water  Company  except,  (1)  Blocks  1221-2  and 
3,  1285-6  and  7,  Outside  Lands,  all  properties 
bounded  by  or  fronting  upon  Sloat  Boulevard, 
or  Junipero  Serra  Boulevard,  and  all  the  Lake 


Merced  Ranch,  other  than  the  two  Merced  Lakes 
and  a  strip  of  land  around  them,  the  lakes  and 
such  strip  containing  an  area  of  about  five  hun- 
dred and  fifty  acres  (the  strip  around  the  lakes 
will  be  ample  for  park  purposes  and  to  prevent 
pollution  of  the  water)  ;  (2)  all  money  and  other 
personal  property  owned  by  the  company, — for 
the  price  named  in  your  offer,  to  wit,  thirty- 
eight  and  one-half  million  dollars. 

In  making  this  offer,  the  directors  share  with 
you  the  wish  that  controversies  in  water  mat- 
ters may  cease,  and  that  mutual  confidence  and 
co-operation  in  the  upbuilding  of  our  city  may 
prevail. 

When  the  subject  of  purchase  was  first 
broached  by  the  present  city  administration,  the 
company  informed  the  Advisory  Committee,  act- 
ing on  behalf  of  the  city,  that  J.  G.  White  & 
Company  had  been  employed  by  the  company 
to  make  a  detailed  inventory  and  appraisal  of  all 
the  company's  properties,  and  that,  when  their 
report  was  completed,  the  company  would  be 
better  able  to  fix  a  price  at  which  it  would  be 
willing  to  sell.  While  negotiations  have  been 
proceeding  between  the  city  and  the  company, 
J.  G.  White  &  Company  have  pursued  their  in- 
vestigations and  have  proceeded  so  far  as  to 
make  a  partial  report  on  the  value  of  the  com- 
pany's holdings;  and  while  their  work  has  not 
been  entirely  completed,  it  has  proceeded  so  far 
as  to  enable  them  to  advise  us  that  the  value 
of  the  properties  exceed  sixty  million  dollars. 
This  report  deals  with  all  of  the  elements  of  the 
company's  property,  and  is  the  most  exhaustive 
and  detailed  that  has  ever  been  made. 

It  has  always  seemed  important  to  us  that  a 
careful  inventory  and  appraisement  of  the  prop- 
erties should  be  made,  in  order  that  the  city  on 
the  one  hand,  and  the  company  on  the  other. 
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migh^  have  some  substantial  basis  for  negotia- 
tions looking  to  the  acquisition  of  the  property 
by  the  city.     It  is  not  disclosed  by  your  com- 
munication that  any  valuation  has  been  made  by 
anyone  in  the  city 's  behalf.     In  the  early  history 
of  our  negotiations,  we  were  informed  by  the 
chairman  of  your  Advisory  Committee  that  they 
were  tentatively  considering  a  plan  to  appoint  a 
board,  consisting  of  three  engineers,  of  ^hoin 
John  E.  Freeman  should  be  one,  the  others  to 
be  selected  by  him,  subject  to  the  approval  of 
the  Board  of  Supervisors;  and  that  this  board 
of  engineers  be  intrusted  with  the  duty  of  deter- 
mining and  reporting  to  the  Board  of  Super- 
visors the  value  of  the  properties  of  the  com- 
pany.   This  suggestion  met  with  our  unqualified 
approval.    We  thought  then,  and  still  think,  that 
the  opinion  of  a  board,  thus  constituted,  would 
command  respect,  and  have  very  great  educa- 
tional value.    At  a  later  date  we  were  informed 
that  those  representing  the  city  had  determined 
not  to  have  an  appraisement  made  in  the  man- 
ner theretofore  suggested,  but  that  they  were 
considering,  tentatively,  a  new  plan  by  which  a 
joint  effort  be  made  to  reach  an  agreement  on 
value,  and  that,  to  accomplish  this  purpose,  Mr. 
Freeman  be  appointed  by  the  city  to  act  for  it, 
and  that  an  engineer  to  act  with  him  be  ap- 
pointed by  the   company  to  represent  it;  that 
these  two  engineers  should  agree  upon  values  of 
all   the    elements   of   the    company's   properties 
upon  which  they  might  be  able  to  agree ;  that  a 
list  of  properties  as  to  which  they  could  not  reach 
an  agreement  be  made ;  and  that  a  third  engineer 
be  selected  by  the  two,  to  act  with  them,  and 
a  majority  of  the  three  thus  appointed  should 
fix   the   values   of   any   of  the   properties   upon 
which  the  first  two  might  not  have  been  able  to 
agree.    This  suggestion  also  met  with  the  hearty 
approval  of  the  com^pany,  and  it  was  consider- 
ing the  selection  of  an  engineer  to  act  with  Mr. 
Freeman  when  it  received  word  from  the  chair- 
man of  the  Advisory  Committee  that  the  com- 
mittee   had    concluded   not   to   recommend   this 
plan,  and,  because  of  that  notification,  nothing 
further  was  done  in  that  direction. 

We  consider  it  a  matter  of  very  great  regret 
that  one  of  these  plans  was  not  pursued.  Al- 
though a  valuation  arrived  at  as  a  result  of 
either  of  them  would  not  have   been  binding 


upon  either  of  the  parties,  it  would  have  com- 
manded respect,  and  would  probably  have  af- 
forded a  substantial  basis  for  arriving  at  a 
price  which  the  company  could  afford  to  accept 
and  which  the  city  could  afford  to  pay. 

Your  letter  suggests  that  the  price  named  is 
based  on  the  offer  of  this  Company  made  in 
1909,  and  upon  Judge  Farrington's  finding  in 
the  rate  cases,  with  additions  "arrived  at  for 
reasons  stated  below  and  as  a  matter  of  business 
judgment". 

The  offer  to  which  you  refer  was  made  in 
November,  1909.  It  was  made  for  the  purpose 
of  bringing  to  an  end  a  very  disagreeable  con- 
troversy that  had  existed  between  the  city  and 
the  company  for  many  years ;  to  avoid  the  neces- 
sity for  additional  capital  expenditures;  and  to 
relieve  the  company  from  the  defense  of  im- 
portant Jaw  suits  which  were  then  pending.  All 
this  litigation  has  been  determined  favorably 
to  the  company;  the  capital  expenditures  which 
it  hoped  to  avoid  have  been  made,  and  the  condi- 
tions now  existing  are  radically  different  from 
those  prevailing  in  November,  1909. 

So  far  as  the  offer  is  based  upon  the  finding 
of  Judge  Farrington  as  of  November  1,  1903, 
it  is  only  fair  to  say  that  he  foimd  a  value  for 
rate-fixing  purposes  only,  and  not  for  purposes 
of  sale.  He  expressly  said  that,  in  a  condemna- 
tion proceeding,  the  examination  of  value  could 
not  be  restricted  to  the  water-bearing  capabili- 
ties of  the  properties,  and  further,  that  the 
value  sought  to  be  ascertained  in  condemna- 
tion proceedings  is  the  market  value.  It  is  im- 
possible to  tell,  from  Judge  Farrington's  opin- 
ion, what  he  considered  the  value  of  the  prop- 
erty for  purposes  of  sale.  In  all  the  rate  liti- 
gation the  eitj'-  earnestly  contended  that,  for 
purposes  of  sale,  a  different  basis  of  value  from 
that  applicable  in  rate-fixing  cases  would  obtain. 

Your  offer  overlooks  very  important  elements 
of  value  which,  of  necessity,  must  be  considered 
when  a  sale  is  contemplated,  and  which  were  not 
included  in  Judge  Farrington's  valuation.  He 
did  not  allow  for  reservoir  lands  not  then  actual- 
ly used  for  reservoir  purposes  anything  beyond 
the  value  of  those  lands  for  watershed  purposes, 
expressly  saying  that,  when  they  were  used  for 
reservoir  purposes,  their  value  for  those  pur- 
poses would  attach  to  them.    In  determining  the 
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value  of  our  water  rights  he  allowed  us  only 
upon  our  ability  to  supply  thirty-five  million 
gallons  per  day,  which  was  the  quantity  the 
company  was  then  equipped  to  deliver ;  and  the 
only  fair  and  legitimate  inference  to  be  drawn 
from  the  portion  of  his  opinion  in  which  that 
subject  is  discussed  is,  that  as  the  ability  of  the 
company  to  supply  water  expands,  the  value  of 
the  water  rights  will  correspondingly  increase. 

Your  offer,  while  admitting  that  our  proper- 
ties have  increased  in  value,  argues  that  we  are 
not  entitled  to  the  increase.  We  cannot  agree 
to  this.  The  contention  is  fully  answered  and 
refuted  by  the  Supreme  Court  of  the  United 
States  in  the  Consolidated  Gas  case,  and  by 
Judge  Farrington  in  the  Water  Rate  cases.  The 
city  cannot,  legally,  morally,  nor  in  common 
fairness,  expect  us  to  sell  any  of  our  properties 
for  less  than  they  would  be  worth  if  in  the  hands 
of  others  than  the  Spring  Valley  Water  Com- 
pany. 

We  cannot  subscribe  to  the  statement  con- 
tained in  your  letter,  that  investigations  of  our 
undeveloped  sources  have  shown  that  their  ca- 
pacity for  a  dependable  extension  of  the  supply 
is  less  than  had  previously  been  supposed  by  city 
officials  and  citizens,  and  by  our  own  officers  and 
stockholders.  On  the  contrary,  later  and  more 
exhaustive  examinations,  made  by  disinterested 
engineers,  have  demonstrated  the  capacity  of  the 
undeveloped  sources  to  be  greater  than  ever  here- 
tofore claimed  by  the  company. 

In  accepting  Judge  Farrington 's  finding  as 
a  starting-point,  you  must  have  in  mind  that 
valuable  reservoir  lands  were  not  valiied  as  such ; 
that  only  a  comparatively  small  part  of  our 
water-rights  was  valued;  that  no  valuation  of 
going  concern  was  included  in  his  total ;  and  that 
the  real  properties,  herein  offered  you,  have  very 
considerably  increased  in  value  since  1903.  If 
you  consider  these  elements  in  value  not  included 
by  Judge  Farrington  and  the  increase  in  value 
since  the  date  to  which  his  valuation  relates,  we 
feel  that  you  will  have  no  difficulty  in  reaching 
the  conclusion  that  the  property  we  offer  you  is 
worth  more  than  the  price  at  which  it  is  offered. 
We  firmly  believe  that  it  is  less  than  would  have 
been  found  had  either  of  the  plans,  hereinbefore 
mentioned  as  having  been  tentatively  proposed 
by  the  Advisory  Water  Committee  for  the  as- 


certainment of  value,  been  pursued  to  a  con- 
clusion. 

What  we  understand  the  city  desires  to  ac- 
quire is  a  water  supply.  The  property  we  offer 
includes  all  of  the  company's  holdings  which, 
according  to  Mr.  Freeman's  plan,  are  necessary 
to  provide  the  city  with  a  complete  water  works 
system,  and  will  enable  it  to  proceed  at  once  to 
meet  the  demand  of  consumers  and  arrange  for 
the  largely  increased  requirements  involved  in 
the  preparation  for,  and  operation  of,  the  Pan- 
ama-Pacific Exposition.  The  property  of  the 
company  not  included  in  this  offer,  and  which 
forms  no  part  of  Mr.  Freeman's  plan,  has  a 
prospective  value  that  may,  in  some  measure, 
compensate  the  stockholders  for  the  sacrifice 
which,  we  believe,  they  would  make  in  selling 
the  property  at  the  price  herein  proposed. 

The  offer  is  made  upon  the  following  condi- 
tions : 

1.  The  offer  is  for  cash; 

2.  The  offer  shall  expire  on  the  twentieth 
day  of  October,  1912,  unless  before  that 
date  the  Supervisors  shall  have  taken  the 
initial  proceedings  to  submit  to  the  voters 
the  proposition  to  buy  the  property  on  the 
terms  herein  stated,  in  which  case  it  shall 
be  in  force  till  January  1,  1913; 

3.  If  this  offer  is  accepted  by  the  neces- 
sary two-thirds  of  the  electors,  the  Board  of 
Supervisors  shall,  within  thirty  days  there- 
after, allow  the  company  to  take  judgment  in 
all  litigation  with  the  city,  and  the  city  shall 
then  relieve  the  company  and  its  sureties 
from  any  liability  upon  the  bonds  heretofore 
filed  in  any  litigation  between  the  city  and 
the  company;  and  shall  allow  the  company  to 
withdraw  and  retain  all  water  rates  collected 
by  it  since  the  commencement  of  the  water 
rate  litigation,  including  the  amount  of 
money  impounded  under  order  of  court; 

4.  If  the  offer  is  accepted  through  the  neces- 
sary votes  of  the  people,  the  purchase  must 
be  consummated  by  March  first,  1913.  If,  at 
the  time  of  the  consummation  of  the  pur- 
chase, any  instalment  of  taxes  levied  and 
assessed  for  the  fiscal  year  1912  shall  not  be 
delinquent,  the  sale  shall  be  made  subject  to 
the  payment  of  all  such  taxes  by  the  City 
and  County,  and  the  City  and  County  shall 
pay  the  same; 

5.  The  issued  bonds  of  the  company  amount 
to  the  sum  of  $20,987,000,  and  bonds  not  sur- 
rendered must  be  assumed  by  the  City  and 
County,  tue  face  value  of  any  non-surren- 
dered bonds  to  be  deducted  from  the  pur- 
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chase  price,  interest  coupons  to  be  adjusted 
as  of  the  date  of  sale; 

6.  The  capital  expenditures  made  by  the 
company  after  this  date  are  to  be  added  to 
the  purchase  price  herein  fixed,  but  the  com- 
pany shall  discharge  all  mortgages  (other 
than  the  lien  of  its  deed  of  trust)  executed 
by  its  grantors  covering  property  in  Ala- 
meda and  Santa  Clara  Counties,  and  included 
in  the  terms  of  this  offer; 

7.  At  the  time  the  purchase  is  closed  the 
city  Is  to  pay  the  company  all  water  rates 
then  accrued  for  water  supplied  to  the  city 
and  the  company  is  to  collect  all  rates  then 
due  from  private  consumers,  and  the,  city  will 
cause  itself  to  be  substituted  in  the  place  of 
the  company  in  all  litigation  then  pending, 
involving  the  property  offered,  other  than 
litigation  affecting  the  validity  of  ordinances 
establishing  water  rates,  and  assume  all 
future  responsibility  and  expense  of  such  liti- 
gation; 

8.  The  company  is  to  convey  only  such  title 
as  it  has; 


9.  If  the  offer  be  accepted,  water  rates  to 
private  consumers  for  the  fiscal  year  begin- 
ning July  1,  1912,  shall  be  at  least  15%  in 
excess  of  those  established  by  the  ordinance 
which  was  passed  for  the  fiscal  year  begin- 
ning July  1,  1910;  and  the  rate  for  hydrants 
shall  be  $2.50  per  hydrant  per  month,  and 
these  rates  shall  be  maintained  until  the  con- 
summation of  the  purchase  and  payment  of 
the  purchase  price,  and  the  Board  of  Super- 
visors shall  enact  rates  accordingly. 

Respectfully  submitted, 

SPRING  VALLEY  WATER  COMPANY, 
By  A.  H.  Payson, 
First  Vice-President. 

A.  H.  Payson, 
Frank  B.  Anderson, 

Edw'd  J.  McCUTCHEN, 

Committee. 


ADDE 

Mayor's  Office,  San  Francisco. 

San  Francisco,  Cal.,  October  19,  1912. 

Spring   Valley    Water    Company,    375     Sutter 

Street,  San  Francisco,  California. 

Regarding  the  Purchase  of  Works  by  the 
City:— 

Gentlemen: — I  am  directed  by  the  Board  of 
Supervisors  of  the  City  and  County  of  San 
Francisco  to  make  reply  to  your  communication 
of  September  14th,  1912,  wherein  you  propose 
to  sell  to  the  City  your  properties,  excepting 
lands  surrounding  Lake  Merced,  upon  the  terms 
mentioned  in  such  communication. 

The  utility  of  Lake  Merced  for  emergency 
water  supply  throughout  the  long  autumn 
would  be  too  seriously  impaired  by  diverting  so 
much  of  the  surrounding  lands  to  residential 
purposes  or  other  purposes  inconsistent  with  the 
use  of  the  lands  for  a  water  supply. 

As  presently  advised,  the  City  authorities 
cannot  see  their  way  clear  to  recommend  any 
plan  of  acquiring  your  properties  which  involves 
the  elimination  of  so  much  watershed,  regard- 
less of  price. 

After  opportunity  is  afforded  the  City  to  ex- 
amine and  analyze  the  inventory  and  appraisal 
of  your  properties  made  by  J.  G.  White  &  Co., 


NDA 

a  copy  of  which  you  were,  on  October  16th, 
1912,  requested  to  furnish,  it  may  be  possible 
that  some  elements  may  be  found  having  greater 
value  to  the  Company  than  to  the  City,  which 
can  be  safely  excluded,  under  fair  terms,  with- 
out impairing  the  value  of  the  plant  for  a  mu- 
nicipal water  supply  and  service. 

The  Board  of  Supervisors,  as  well  as  myself, 
are  extremely  desirous  that  some  satisfactory 
plan  may  be  arrived  at  by  which  your  properties 
may  be  acquired  by  the  City,  and  that  an  amica- 
ble adjustment  may  be  made  as  expeditiously 
as  possible. 

The  necessities  of  the  outlying  districts  for 
the  extension  of  the  water  mains  is  urgent.  The 
growth  of  the  City  is  being  retarded  for  lack 
of  proper  water  facilities  in  the  unserved  sec- 
tions. 

We  express  the  hope  that,  after  further  con- 
sideration, you  will  see  your  way  clear  to  ac- 
cept the  offer  submitted  to  you  in  our  communi- 
cation of  August  9th  last.  We  are  convinced 
that  the  City's  offer  is  fair  to  both  the  Com- 
pany and  the  City. 

Respectfully  yours, 

JAMES  ROLPH,  JR., 
Mayor  of  the  City  and  County  of  San  Francisco. 
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San  Francisco,  Cal.,  November  13,  1912. 
Honorable  James  Rolph,  Jr.,  Mayor;  Percy  V. 
Long,     City     Attorney;     Thomas     Jennings, 
Chairman  Finance  Committee;  Alexander  T. 
Vogelsang,    Chairman   Public  Utilities    Com- 
mittee, and  Curtis  H.  Lindley,  Esq.,  compris- 
ing the  City  Advisory  Water  Committee,  and 
The  Members  of  the  Board  of  Supervisors  of 
the  City  and  County  of  San  Francisco. 

Regarding  the  Purchase  of  Works  by  the 
City:— 

Gentlemen : — A  meeting  of  the  Board  of 
Directors  of  the  Spring  Valley  Water  Com- 
pany was  held  on  the  thirteenth  day  of  Novem- 
ber, 1912.  After  giving  the  subject  matter  of 
your  letter  of  October  19th  careful  considera- 
tion, the  Board  by  unanimous  resolution  di- 
rected the  Committee  to  make  reply  as  herein- 
after set  forth: 

We  cannot  agree  in  your  conclusion  that  the 
utility  of  Lake  Merced  for  emergency  water  sup- 
ply "throughout  the  long  autumn"  would  be 
too  seriously  impaired  by  diverting  so  much  of 
the  surrounding  lands  to  residential  purposes, 
or  other  purposes  inconsistent  with  the  use  of 
the  lands  for  a  water  supply. 

This  company  is  now  installing  a  filtration 
plant  at  Lake  Merced  through  which  all  of  the 
water  used  from  that  source  will  be  filtered,  and 
by  the  use  of  which  this  water  will  be  made  en- 
tirely safe  even  for  domestic  purposes.  We  are 
supported  in  this  conclusion  by  the  results  ob- 
tained from  the  Government  filtration  plant, 
which  converts  the  water  obtained  from  the 
densely  populated  drainage  area  of  Lobos 
Creek  into  a  perfectly  satisfactory  supply  for 
all  purposes  at  the  Presidio. 

There  are  many  cities  furthermore  whose 
water  supplies  before  filtration  are  not  nearly 
so  pure  as  the  waters  of  the  Merced  Lakes 
would  be  with  proper  and  practicable  provisions 
for  their  protection,  even  after  the  occupation 
of  this  drainage  area  for  residential  purposes. 

The  force  of  these  facts  as  bearing  upon  the 
supply  for  San  Francisco  is  emphasized  by  the 
additional  fact  that  the  plans  of  Mr.  Freeman 
do  not  contemplate  the  utilization  of  the  Mer- 
ced Lakes  for  water  supply  for  San  Francisco, 
except  possibly  in  cases  of  emergency,  as  is  evi- 
denced by  the  following  quotation  from  his  re- 
port (San  Francisco  Water  Supply,  page  126)  : 


"Although  these  lakes  hold  2,500  million 
gallons  when  full,  which  has  value  as  a  re- 
serve against  some  contingency  that  could 
hardly  occur  more  often  than  once  in  half 
a  century,  probably  their  chief  future  use 
will  be  to  beautify  a  park,  and  this  possi- 
bility of  raising  the  flow  line  should  be  given 
attention  when  laying  out  any  expensive  cir- 
cuit of  pleasure  roads  around  the  lake." 

You  state  that  you  and  the  Supervisors  are 
extremely  desirous  of  reaching  some  plan  by 
which  the  properties  of  this  company  may  be 
acquired  by  the  City  and  that  an  amicable  ad- 
justment may  be  made  as  expeditiously  as  pos- 
sible. We  feel  that  in  our  letter  of  September 
14th  we  offered  you  a  plan  which  completely 
provides  for  the  necessities  of  the  City  so  far  as 
the  properties  of  the  company  are  concerned 
and  that  the  responsibility  will  rest  with  you 
whether  you  will  avail  yourselves  of  the  oppor- 
tunity of  acquiring  what  the  City  requires  in 
the  way  of  water  supply  from  the  Spring  Val- 
ley Water  Company,  or  whether  you  will  de- 
cline to  purchase  because  you  cannot,  at  the 
same  time,  and  for  what  we  are  convinced  is  an 
inadequate  price,  obtain  lands  which,  according 
to  the  report  of  Mr.  Freeman,  are  not  at  all 
needed,  in  addition  to  the  lakes  themselves, 
either  in  connection  with  the  ordinary  water 
supply  of  the  City,  or  to  provide  against  emer- 
gencies. 

You  express  the  hope  that,  after  further  con- 
sideration, the  Company  will  see  its  way  clear 
to  accept  the  offer  submitted  in  your  communi- 
cation of  August  9th,  which  you  say  you  are 
convinced  is  fair  to  the  Company  and  to  the 
City. 

We  cannot  consider  it  fair  to  ask  the  Com- 
pany to  surrender  lands,  which,  according  to 
the  testimony  of  the  most  competent  judges  of 
values  of  real  estate,  have  a  present  and  pros- 
pective value  which  would  make  the  price  of- 
fered by  the  City  entirely  inadequate,  solely 
that  the  City  may  hereafter  use  these  lands  for 
park  purposes,  or  for  sale  by  itself  at  an  en- 
hanced valuation,  without  any  need  for  them 
as  a  part  of  its  proposed  municipal  supply. 

The  City  Engineer  has  lately  reported  to  your 
administration  that  "the  City  is  now  very  much 
at  a  disadvantage  in  not  knowing  the  real 
worth"  of  the  property  of  our  company.  This 
report  has,  in  effect,  been  adopted  by  the  Board 
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of  Supervisors.  In  view  of  this  action,  it  would 
appear  that  your  administration  does  not  feel 
that  it  is  even  now  in  possession  of  all  of  the 
facts  which  would  enable  it  to  arrive  at  a  fair 
valuation  of  the  property.  In  our  letter  of 
September  14th,  we  expressed  regret  that  one 
of  the  two  plans  proposed  to  us  by  the  City  Ad- 
visory Committee  for  determining  the  value  of 
the  property  of  the  Company  (and  approved  by 
us)  was  not  pursued  to  a  conclusion,  and  we 
suggest  now  that  some  form  of  arbitration  un- 
der which  due  recognition  could  be  given  to  the 
rights  of  the  stockholders  to  the  enhanced  value 
of  their  real  estate  holdings,  not  needed  for 
water  supply  purposes,  would  be  the  most  sat- 


isfactory way  of  arriving  at  a  fair  adjustment 
of  the  differences  between  us. 

In  conclusion  the  Board  of  Directors  can  only 
repeat  the  reply  conveyed  to  you  in  its  letter  of 
September  14th,  declining  the  offer  contained 
in  your  letter  of  August  9th. 

Respectfully  submitted, 
SPRING  VALLEY  WATER  COMPANY, 
By  A.   H.   Payson, 
First  Vice  President. 

A.  H.  Payson, 
Frank  B.  Andekson, 

Edw'd  J.  McCUTCHEN, 

Committee. 


UNAVAILING  EFFORTS  OF  SPRING  VALLEY  WATER  COM- 
PANY TO  OBTAIN  CONCLUSIONS   OF   ENGINEERS 
GRUNSKY,   HYDE  AND   MARX  ON  WATER 
PRODUCT  OF  TRANSBAY  SOURCES 


San  Francisco,  July  10,  1912. 
John  K.  Freeman,  Esq., 

St.  Francis  Hotel,  San  Francisco,  Gal. 
My  Dear  Mr.  Freeman :  Heretofore  the  Spring 
VaUey  Water  Company  has  felt  that  it  was  its 
duty  to  place  before  you,  as  the  representative 
of  the  City,  any  information  that  the  company 
possessed  in  reference  to  the  water  supply  of  San 
Francisco.  We  feel  that  this  attitude  should  be 
reciprocal,  and  that  any  information  that  the 
City  possesses  should  be  placed  before  us.  Will 
you  be  good  enough  to  inform  me  if  this  will  be 
your  attitude. 

Very  sincerely  yours, 

W.  B.  BOURN, 

President. 


(Letterhead  of  John  R.  Freeman.) 

San  Francisco,  July  10th,  1912. 
William  B.  Bourn,  President, 

Spring  Valley  Water  Company, 
San  Francisco,  Calif. 

My  Dear  Mr.  Bourn :  I  have  just  received  your 
note.  It  puzzles  me  because  ever  since  I  came 
into  this  case  I  have  tried  in  every  way  to  pro- 
mote mutual  understanding  on  water  supply 
matters  between  the  City  and  the  Company,  and 
have  repeatedly  urged  on  all  with  whom  I  came 
in  contact  my  belief  that  the  City  and  the  Com- 
pany should  work  toward  a  friendly  understand- 
ing and  a  purchase,  and  I  have  not  hesitated  to 
make  plain  to  Mr.  Eastman  the  lines  toward 
which  my  conclusions  were  tending  on  various 
questions  as  they  have  arisen. 

I  therefore  hasten  to  reply  to  your  note, 
although  Judge  Lindley  and  the  Mayor  are  both 
absent,  and  I  would  like  to  talk  with  them  and 
obtain  a  fuller  expression  of  their  views  and 
desires.     Meanwhile,  my  own  understanding  of 


the  matter  is  that  both  parties  are  desirous  of 
getting  together,  and  that  the  best  means  of 
accomplishing  this  is  for  each  to  willingly  show 
to  the  other  whatever  facts  he  has  bearing  on 
the  value  and  utility  of  the  works.  It  is  not  to  be 
expected  that  we  will  all  think  alike,  but  we  can 
at  least  respect  each  others'  opinions  and  can 
recognize  that  in  our  own  minds,  as  possibly  in 
that  of  those  on  the  other  side,  some  prejudice 
is  always  liable  to  exist  of  which  the  man  who 
possesses  it  may  be  wholly  unconscious,  and  if 
you  find  me  prejudiced  in  interpreting  your  data, 
it  will  be  unconscious. 

Sincerely  yours, 

JOHN  R.  FREEMAN. 


San  Francisco,  July  10,  1912. 
John  R.  Freeman,  Esq., 

St.  Francis  Hotel,  San  Francisco. 

My  Dear  Mr.  Freeman :  I  fear  you  misunder- 
stood the  purport  of  my  note.  Allow  me  to 
assure  you  that  we  greatly  appreciate  your  per- 
sonal feelings  in  this  matter,  and  I  am  sure  we 
will  be  mutual  in  our  respect  for  each  other's 
opinions. 

The  reason  for  my  note  was  that  it  was 
reported  to  me  that  Messrs.  Grunsky,  Marx  and 
others  had  reported  on  the  Alameda  System,  and 
the  question  arose  whether  those  reports  would 
be  available  to  us.  I  am  expecting  to  leave  town 
next  Tuesday  on  an  indefinite  absence,  and  I 
therefore  wrote  my  note  to  you,  having  in  mind 
these  reports. 

Since  dictating  the  above,  I  have  re-read  my 
note  to  you  of  this  morning,  and  I  apologize  for 
sending  a  note  that  was  open  to  misconstruction. 
We  fully  appreciate  your  personal  attitude  in 
this  matter,  and  my  note  was  hurriedly  called 
forth,  as  explained  above. 

Upon  the  return  of  the  Mayor,  would  you  be 
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good  enough  to  let  me  know  if  the  Grunsky  and 
other  reports  when  presented,  will  be  available 
to  the  Company. 

Very  sincerely  yours, 

W.  B.  BOURN, 

President. 


San  Francisco,  California,  August  19th,  1912. 
Curtis  H.   Lindley,   Esq.,   Chairman,   Advisory 
"Water    Committee,    Mills    Building,     San 
Francisco,  Cal. 

Dear  Sir: 

The  letter  addressed  to  the  Spring  Valley 
Water  Company  dated  the  9th  day  of  August 
and  signed  by  the  members  of  the  Advisory 
Committee  and  by  members  of  the  Board  of 
Supervisors,  has  been  referred  to  us  by  the 
Board  of  Directors  of  the  Company.  It  may  aid 
us  if  you  will  furnish  us  with  the  following  in- 
formation, namely: 

1 — ^Tour  valuation  of  the  Lake  Merced  prop- 
erty owned  by  the  Company ; 

2 — Mr.  Freeman's  valuation  of  "going  con- 
cern ' ' ; 

3 — Reports  of  Messrs.  Grunsky,  Marx  and 
Hyde  on  the  run-off  of  water  yield  of  the  trans- 
bay  sources  of  the  Company.  If  the  engineers 
named  did  not  make  a  formal  report,  we  shall 
be  glad  to  have  the  results  of  the  investigations 
in  whatever  form  you  may  have  them. 
Yours  truly, 

EDW.  J.  McCUTCHEN, 
F.  B.  ANDERSON, 

Committee. 


San  Francisco,  August  21,  1912. 
Messrs.  Edward  J.  McCutchen  and  F    B.  An- 
derson, Committee  of  Spring  Valley  Water 
Company. 

Gentlemen : 

Tour  favor  of  the  1,9th  inst.,  addressed  to  me 
as  Chairman  of,. the  Advisory .  Water  Commit-,, 
tee,  has  been  submitted  to  the  Committee  and  I 
have  been  instructed  to  reply  as  follows : 

1.  As  to  our  valuation  of  the  Lake  Merced 
property,  we  adopted  Judge  Farriiigton 's  find- 
ing in  this  behalf.  On  page  77  of  the  printed 
opinion,  you  will  find  his  valuation  of  property 
in  use  to  be  $25,771,984,  included  in  which  is 
the  Lake  Merced  property,  valued  at  $3,382,600. 


You  will  observe  that  in  our  letter  of  August 
9th  we  have  made  use  of  this  total  valuation  as 
a  factor  in  making  up  the  offer  of  $38,500,000. 

2.  The  method  of  valuing  the  indeterminate 
factors  entering  into  the  valuation  of  the  prop- 
erty as  a  whole  is  set  forth  in  Mr.  Freeman's 
letter  to  the  Mayor,  copy  of  which  you  have. 
The  result  reached  is  deemed  by  Mr.  Freeman 
to  be  fair  and  just,  and  the  City  ofScials  concur. 

3.  With  reference  to  the  report  of  Messrs. 
Grunsky,  Marx  and  Hyde,  it  has  not  as  yet  been 
completed.  We  are  advised  that  as  yet  there 
has  been  no  concurrence  of  opinion  as  to  the  re- 
sult of  their  inquiry.  Mr.  Freeman  has  been 
from  time  to  time  informed  of  their  progress. 
Before  this  letter  was  written,  we  had  an  inter- 
view with  Mr.  Grunsky  who  has  explained  the 
status  of  the  investigation  and  the  different 
methods  by  which  they  have  attempted  to  reach 
a  result.  Mr.  Freeman  has  stated  to  us  that 
after  considering  the  work  of  these  gentlemen, 
as  described  to  him  by  Mr.  Grunsky,  on  August 
19,  1912,  he  sees  no  reason  to  change  or  alter 
his  recommendations  as  set  forth  in  his  letter  to 
the  Mayor  of  August  9,  1912. 

Sincerely  yours, 

CURTIS  H.  LINDLEY, 
Chairman  Advisory  Water  Committee. 


San  Francisco,  October  25,  1912. 
Hon.  James  Rolph,  Jr.,  Mayor, 

New  City  Hall,  San  Francisco,  Cal. 
Dear  Sir: 

On  the  10th  of  July,  1912,  Mr.  Bourn,  as  presi- 
dent of  the  Spring  Valley  Water  Company,  ad- 
dressed to  John  R.  Freeman  a  letter  reading  as 
follows : 

"Heretofore  the  Spring  Valley  Water  Com- 
pany has  felt  that  it  was  its  duty  to  place 
before  you,  as  the  representative  of  the 
City,  any  information  that  the  Company 
possessed  in  reference  to  the  water  supply 
of  San  Francisco.  We  feel  that  this  attitude 
should  be  reciprocal,  and  that  any  informa- 
tion that  the  City  possesses  should  be  placed 
before  us.  Will  you  be  good  enough  to  in- 
form me  if  this  will  be  your  attitude?" 

To  this  letter  Mr.  Freeman  replied  on  the  same 

date.   From  his  reply  I  quote  the  following : 

"J  *  *  *  hasten  to  reply  to  your  note, 
although  Judge  Lindley  and  the  Mayor  are 
both  absent,  and  I  would  like  to  talk  with 
them  and  obtain  a  fuller  expression  of  their 
views  and  desires.  Meanwhile,  my  own  un- 
derstanding   of    the    matter    is    that    both 
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parties  are  desirous  of  getting  together  and 
that  the  best  means  of  accomplishing  this 
is  for  each  to  ■willingly  show  to  the  other 
whatever  facts  he  has  bearing  on  the  value 
and  utility  of  the  works." 

After  the  receipt  of  the  letter  signed  by  your- 
self and  the  other  members  of  the  Advisory 
Water  Committee  and  by  seventeen  members  of 
the  Board  of  Supervisors,  dated  August  9th, 
1912,  addressed  to  the  Spring  Valley  Water  Com- 
pany, that  Company,  through  its  negotiating 
committee,  sent  to  the  Advisory  Water  Commit- 
tee a  letter  requesting  certain  information,  in- 
cluding : 

"3.  Reports  of  Messrs.  Grunsky,  Marx 
and  Hyde  on  the  run-off  or  water  yield  of  the 
transbay  sources  of  the  Company.  If  the  en- 
gineers named  did  not  make  a  formal  report, 
we  shall  be  glad  to  have  the  results  of  their 
investigations  in  whatever  form  you  may 
have  them." 

To  this  we  received  a  reply,  under  date  of 

August  21,  1912,  from  which  I  quote: 

"3.  With  reference  to  the  report  of. 
Messrs.  Grunsky,  Marx  and  Hyde,  it  has  not 
as  yet  been  completed.  We  are  advised  that 
as  '^et  there  has  been  no  concurrence  of 
opinion  as  to  tne  result  of  their  inquiry.  Mr. 
Freeman  has  been  from  time  to  time  in- 
formed of  their  progress.  Before  this  letter 
was  written,  we  had  an  interview  with  Mr. 
Grunsky  who  has  explained  the  status  of  the 
investigation  and  the  different  methods  by 
which  they  have  attempted  to  reach  a  re- 
sult. Mr.  Freeman  has  stated  to  us  that 
after  considering  the  work  of  these  gentle- 
men, as  described  to  him  by  Mr.  Grunsky  on 
August  19,  1912,- he  sees  no  reason  to  change 
or  alter  his  recommendations  as  set  forth  in 
his  letter  to  the  Mayor  of  August  9,  1912." 

Since  the  last  named  date  we  have,  from  time 
to  time,  inquired  whether  the  report  of  Messrs. 
Grunsky,  Marx  and  Hyde  had  been  prepared  and 
signed.  I  was  informed  by  Judge  Lindley  some 
time  ago,  in  response  to  an  inquiry  addressed  to 
him,  that  two  reports,  signed  by  those  engineers, 
or  some  of  them,  had  been  delivered  to  him,  and 
that  he  had  sent  them  to  you.  He  also  told  me, 
as  I  recall,  that  you  had  sent  one  copy  to  Mr. 
Freeman  and  one  copy  to  Mr.  Long. 

Last  Monday  (October  21st)  Mr.  Cyril  Wil- 
liams informed  Mr.  Behan  that  he  had  received 
a  copy  of  the  report  from  Mr.  Long's  office,  and 
that  he  then  had  it  in  his  possession.  On  the 
same  day  I  called  Mr.  Long  on  the  telephone  and 
told  him  what  Mr.  Williams  had  told 'Mr  .'Behan, 
and  asked  him  who  had  the  authority  to  direct 
Mr.  Williams  to  furnish  us  with  the  report,  or  a 
copy  of  it,  and  he  replied  that  such  authority 


was  vested  in  the  City  .Engineer.  Thereupon  I 
immediately  called  upon  Mr.  0 'Shaugnessy,  the 
City  Engineer.  He  said  he  had  never  seen  the 
report  and  did  not  know  that  it  was  in  Mr.  Wil- 
liams' possession.  I  then,  in  the  presence  of  Mr. 
0  'Shaughnessy,  and  in  his  office,  called  Mr.  Long 
on  the  telephone  and  had  a  conversation  with 
him,  all  of  which,  so  far  as  my  end  of  it  was 
concerned,  was  carried  on  in  Mr.  0 'Shaugh- 
nessy 's  hearing.  I  asked  Mr.  Long,  over  the  tele- 
phone, if  Mr.  0 'Shaughnessy  had  authority  to 
direct  Williams  to  furnish  me  with  the  report, 
or  a  copy  of  it,  to  which  he  replied  in  the  af- 
firmative. I  then  said  to  Mr.  0 'Shaughnessy,  so 
that  Mr.  Long,  at  the  other  end  of  the  telephone 
line,  could  hear  it, ' '  Mr.  Long  says  that  Williams 
is  under  your  orders,  and  that  you  have  author- 
ity to  direct  him  to  let  me  have  the  report,  or  a 
copy  of  it. "  I  then  passed  the  telephone  to  Mr. 
0 'Shaughnessy,  who  said  to  Mr.  Long,  in  my 
presence,  that  he  had  not  seen  the  report  and  did 
not  know,  until  informed  by  me.  that  Williams 
had  it.  After  the  telephone  conversation  with 
Long  was  finished,  I  said  to  Mr.  0  'Shaughnessy 
that  I  was  going  to  Los  Angeles  and  would  re- 
turn Wednesday,  at  which  time  I  would  call  upon 
him  for  the  report.  I  asked  him  if  he  would,  in 
the  meantime,  endeavor  to  obtain  it  for  me,  to 
which  I  understood  him  to  reply  in  the  affirma- 
tive. 

I  called  Mr.  0 'Shaughnessy  on  the  telephone 
yesterday  (Thursday,  October  24th),  and  asked 
whether  he  could  furnish  me  with  the  report,  to 
which  he  replied  that  I  would  have  to  see  the 
City  Attorney.  Thereupon  I  called  you  on  the 
telephone,  told  you  of  my  efforts  to  get  the  re- 
port, and  read  you  the  correspondence  between 
Mr.  Bourn  and  Mr.  Freeman,  which  I  have 
quoted. 

As  evidence  that  the  Spring  Valley  Water 
Company  has  lived  up  to  the  spirit  of  the  under- 
standing set  forth  in  the  Bourn-Freeman  corre- 
spondence, I  call  attention  to  the  following  para- 
graph found  in  the  report  of  Mr.  Freeman,  en- 
titled: "San  Francisco  Water  Supply,"  dated 
August  29th,  1912,  viz. : 

•  '"I  desire  to  record  my  appreciation  of  the 
courtesy  of  the  officials  of  the  Spring  Valley 
Water  Company  in  rendering  to  me,  and  to 
those  working  with  me  for  the  City,  the  op- 
portunity to  examine  their  records,  and  I  de' 
sire   to    acknowledge   the    promptness    with 
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which  they  have  supplied  the   data  that  I 
have  asked  for." 

It  is  my  understanding  that,  in  our  telephonic 
communication  of  yesterday  afternoon,  you  told 
me  you  would  communicate  with  the  City  Attor- 
ney and  that  I  would  hear  from  you  in  the  course 
of  half  an  hour.  I  did  not  hear  from  you,  how- 
ever, and  assume  that  the  failure  was  due  to  press 
of  official  business,  as  I  read  in  the  morning 
papers  you  were  busily  engaged  yesterday  and 
until  late  last  night  in  preparing  an  official 
paper. 

I  think  you  must  appreciate  that  this  report 
cannot  be  denied  us  except  in  violation  of  the 
spirit  of  the  understanding  reached  between  the 
representatives  of  the  City  and  the  representa- 
tives of  the  Company  for  the  exchange  of  in- 
formation, and  I  think  you  also  appreciate  that, 
if  we  are  to  have  it  at  all,  we  should  have  it 
without  any  further  delay. 

I  shall  esteem  it  a  favor  if  we  may  have 
your  good  offices  in  obtaining  it. 
Yours  very  truly, 

EDW.  J.  McCUTCHEN, 
Counsel  for  Spring  Valley  Water  Company. 


San  Francisco,  October  31,  1912. 
Hon.  James  Rolph,  Jr., 
Mayor, 

New  City  Hall, 

San  Francisco,  Cal. 
Dear  Sir: 

On  October  twenty-fourth  I  had  a  telephonic 
conversation  with  you  in  relation  to  the  report 
of  Messrs.  Grunsky,  Marx  and  Hyde  on  the  run- 
off or  water  yield  of  the  transbay  sources  of  the 
Spring  Valley  "Water  Company.  On  October 
twenty-fifth  I  wrote  you  a  letter  on  the  same 
subject,  to  which  you  responded  in  writing 
on  that  date  that  you  would  reply  to  my  letter 
as  soon  as  you  could. 

I  am  still  without  a  reply  from  you,  and  shall 
esteem  it  a  favor  if  you  will  let  me  hear  from 
you  today.  As  you  know,  the  Spring  Valley 
"Water  Company  is  required  to  make  whatever 
showing  it  desires  to  make  before  the  Board  of 
Army  Engineers  not  later  than  November  1, 
1912. 

Tours  truly, 

EDW.  J.  McCUTCHEN, 
Counsel  for  Spring  Valley  Water  Co. 


WESTERN  UNION  TEL.  COMPANY. 
NIGHT  LETTER. 

San  Francisco,  Oct.  30,  1912. 
John  R.  Freeman, 

Banigan  Building,  Providence,  R.  I. 
May  we  have  by  return  telegram  your  author- 
ity or  consent  to  obtain  a  copy  of  the  Grunsky 
Hyde  Marx  report  upon  the  flow  of  Alameda 
Creek.  Will  greatly  appreciate  any  considera- 
tion you  may  give  this  request. 

S.  P.  EASTMAN. 


Mayor's  Office, 

San  Francisco. 

San  Francisco,  Cal.,  November  1st,  1912. 
Mr.  Edward  J.  McCutchen, 

Counsel  for  Spring  Valley  Water  Co., 
Merchants  Exchange  Building, 
San  Francisco,  Cal. 
Dear  Sir: 

Replying  to  your  communications  of  the  25th 
and  31st  ultimo,  I  beg  to  say  that  City  Attorney 
Long  needs  the  only  Report  he  has,  and  has 
same  under  review  and  study;  and  I  am  unable 
to  furnish  you  with  a  copy. 

Very  truly  yours, 

JAMES  ROLPH,  JR., 

Mayor. 
JR-CM 


B-M'C-S 
San  Francisco,  November  1,  1912. 
Hon.  James  Rolph,  Jr., 
Mayor, 

New  City  Hall, 

San  Francisco,  Cal. 
Dear  Sir: 

I  beg  to  acknowledge  receipt  of  your  letter  of 
this  date.  It  is  possible  that  Messrs.  Grunsky, 
Marx  and  Hyde  have  a  copy  of  their  report  re- 
ferred to  in  your  letters  of  October  twenty-fifth 
and  Noveinber  first,  in  the  latter-  of  which 
you  say  that  the  City  Attorney  needs  the  only 
report  he  has,  and  you  are  unable  to  furnish  me 
with  a  copy. 

I  would  not  apply  to  Messrs.  Grunsky,  Marx 
and  Hyde  for  a  copy,  or  for  the  privilege  of  in- 
specting a  copy  if  they  have  one,  without  your 
permission.  I  write,  therefore,  to  ask  if  you  will 
let  me  know,  without  delay,  whether  I  have  your 
authorization  to  ask  them  to  allow  me  to  in- 
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spect  the  report,  if  they  have  a  copy  of  it  in 
their  possession. 

Yours  truly, 

ED  WD  J.  McCUTCHEN, 
Counsel  for  the  Spring  Valley  Water  Co. 


Mayor's  Office, 

San  Francisco. 
San  Francisco,  Cal.,  November  1st,  1912. 
Mr.  Edward  J.  McCutchen, 

Counsel  for  Spring  Valley  "Water  Company, 
Merchants  Exchange  Building, 
San  Francisco,  Cal. 
Dear  Sir: 

Your  favor  of  even  date  was  delivered  to  me 
at  4:40  this  afternoon  in  the  chambers  of  the 
Board  of  Supervisors,  while  I  was  presiding  over 
a  meeting  of  that  body.    The  Board  has  just  ad- 


journed at  5:30  p.  m.,  and  I  hasten  to  make 
you  a  reply  as  requested,  "without  delay." 

I  do  not  feel,  at  this  time,  that  it  is  within 
the  scope  of  my  authority  to  give  you  the  au- 
thorization you  ask  in  your  communication 
under  acknowledgment. 

Since  writing  you  this  morning,  I  have  been 
informed  by  the  City  Attorney  that  the  copy  of 
the  Report  which  I  sent  to  him  was  at  that  time 
delivered  by  him  to  Cyril  "Williams,  Jr.,  and  that 
this  copy  of  the  Report  is  still  in  the  possession 
of  Mr.  Williams. 

Very  truly  yours, 

JAMES  ROLPH,  JR., 
JR-CM  Mayor. 

P.  S. — 6.  p.  m.  Your  messenger  has  just  called 
for  an  answer,  and  I  am  handing  him  this  reply. 
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ADDENDA 


San  Francisco,  Cal.,  November  2,  1912. 
Hon.  James  Rolph,  Jr.,  Mayor,  City  and  County 
of  San  Francisco,  San  Francisco,  Califor- 
nia. 
Dear  Sir : — 

Your  letter  of  yesterday  makes  it  necessary 
for  me  to  write  you  further  regarding  the  Marx, 
Grunsky  and  Hyde  report. 

When  I  telephoned  you  on  October  24th  of 
my  ineffectual  attempts  to  get  the  report,  you 
replied  that  you  could  not  understand  why  I 
was  "stalled"  in  my  efforts  to  obtain  it.  In 
your  letter  of  yesterday  you  say  it  is  not  within 
the  scope  of  your  authority  to  give  my  company 
permission  to  apply  to  Messrs.  Marx,  Grunsky 
and  Hyde  for  an  inspection  of  their  report.  I 
am  in  doubt  as  to  the  meaning  of  your  letter. 
We  have  consulted  you  in  this  matter  because 
you  are  the  head  of  the  municipal  administra- 
tion. Am  I  to  understand  that  the  power  to 
authorize  the  engineers  named  to  allow  the  de- 
sired inspection  rests  with  some  representative 
of  the  municipality  other  than  yourself  1  If  so, 
I  shall  be  glad  if  you  will  immediately  furnish 
me,  in  writing,  with  the  name  of  such  repre- 
sentative. 

Tours  truly, 

E.    J.    McCUTCHEN, 

Counsel  for  Spring  Valley  Water  Company. 
Mayor's  Office 

San  Francisco. 


San  Francisco,  Cal. 

Nov.  2,  1912. 
Mr.  B.  J.  McCutchen,  Counsel  of  Spring  Val- 
ley Water  Company,  Merchants  Exchange 
Building,  San  Francisco. 
Dear  Sir: — 

Replying  to  your  letter  of  even  date,  I  have  to 
say  that,  inasmuch  as  you  rely  upon  an  under- 
standing with  Mr.  Freeman  for  the  delivery  to 
j'ou  of  all  data  secured  by  the  City,  I  have  wired 
Mr.  Freeman,  concerning  your  request,  and  he 
has  wired  me,  as  follows : 

"Received  telegram  from  Eastman  Spring  Val- 
ley asking  my  consent  to  delivery  of  Hyde  Marx 


Grunsky  report  immediately.  I  have  replied  as 
follows  to  Eastman  paragraph  delayed  by  ab- 
sence yesterday  and  to-day  from  earlier  answer- 
ing your  telegram  decision  on  delivery  Grunsky 
Marx  Hyde  report  properly  rests  with  City  At- 
torney but  I  should  advise  him  to  delay  delivery 
until  I  have  opportunity  to  review  further  and 
confer  with  authors  about  assumption  regarding 
data  and  theories  of  estimating  which  from  pres- 
ent information  I  believe  surely  wrong  and  mis- 
leading. I  believe  that  premature  distribution  of 
erroneous  computations  is  not  helpful  and  that 
it  is  far  better  for  City  and  Company  to  unite 
on  some  new  first  class  scientific  measurements 
of  Alameda  flood  flow  during  present  rainy  sea- 
son for  obtaining  new  rating  table  giving  quanti- 
tities  pertaining  to  various  heights  over  Sunol 
and  Niles  dams  meanwhile  setting  scales  at 
points  of  original  observation  and  restoring 
obstruction  near  Niles  manhole  to  former  con- 
dition. 

"John  R.  Freeman." 

I  am  astonished  at  the  tenor  of  your  letter  of 
even  date,  if  the  company  or  yourself  had  been 
in  possession  of  Mr.  Freeman's  telegram  to  Mr. 
Eastman,  quoted  herein.  I  received  your  letter 
by  messenger,  at  11 :55  a.  m.  I  received  Mr. 
Freeman's  telegram  when  I  reached  the  office 
early  this  morning. 

As  Mr.  Freeman  is  in  charge  of  the  City's 
presentation  of  Heteh  Hetchy  matters,  I  must 
be  governed  by  his  advice. 
Yours  very  truly, 

James  Rolph,  Jr. 
Mayor. 


San  Francisco,  November  4,  1912. 
Hon.  James  Rolph,  Jr.,  Mayor,  New  City  Hall, 

San  Francisco,  Cal. 
Dear  Sir: 

I  have  your  letter  of  November  second,  in 
which  you  express  astonishment  at  the  tenor  of 
my  letter  of  the  same  date  "if  the  company  or 
yourself  (myself)  had  been  in  possession  of  Mr. 
Freeman's  telegram  to  Mr.  Eastman."  I  was- 
out  of  town  when  your  letter  of  November  first 
was  received  at  my  office.  It  was  read  to  me 
over  the  telephone  late  that  night.  The  next 
morning  I  dictated,  over  the  telephone,  the  an- 
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swer  to  it  which  was  sent  to  you.  After  the  an- 
swer was  dictated — but  I  am  unable  to  say 
whether  before  it  was  delivered  to  you — Mr. 
Eastman  read  to  me,  over  the  telephone,  the  tele- 
gram which  he  received  from  Mr.  Freeman. 

Mr.  Eastman  telegraphed  Mr.  Freeman  with- 
out consultation  with  me.  I  am  frank  to  say 
that  if  I  had  been  advised  of  the  contents  of 
Mr.  Freeman 's  telegram  before  dictating  my  let- 
ter to  you  of  November  second,  I  would  not  have 
changed  the  phraseology  of  the  letter.  The  tele- 
gram said  the  decision  on  the  request  we  had 
made  rested  with  the  City  Attorney.  The  City 
Attorney,  whose  statement  we  were  certainly  au- 
thorized to  accept  with  reference  to  his  author- 
ity in  the  premises,  had  previously  told  us,  in 
effect,  that  it  rested  with  the  City  Engineer  to 
allow  us  an  inspection  of  the  report.  We  ap- 
plied to  the  City  Engineer  and  failed  to  get  any 
results,  whereupon  we  appealed  to  you.  After 
correspondence  with  you  on  the  subject,  you  told 
me  it  was  not  within  the  scope  of  your  author- 
ity to  authorize  the  inspection  which  we  re- 
quested. You  had  never  told  us  that  Mr.  Free- 
man's recommendation  or  decision  on  the  sub- 
ject would  be  conclusive,  and  I  do  not  know  why 
we  should  have  assumed  that  it  would.  You 
did  not  tell  us  who  Avas  authorized  to  act  in  the 
matter  and,  inasmiich  as  the  City  Attorney  had 
previously  informed  us,  in  substance,  that  it  was 
not  under  his  control,  but  under  that  of  the 
City  Engineer  and,  inasmuch  as  the  City  En- 
gineer had  sent  us  back  to  the  City  Attorney,  I 
do  not  see  that  there  was  anything  for  us  to  do, 
after  your  letter  disclaiming  authority,  but  to 
ask  you  who  did  have  authority  in  the  matter. 
Furthermore,  I  do  not  see  how  the  situation,  in 
this  regard,  was,  or  is  in  any  way  affected  by 
Mr.  Freeman's  telegram. 


We  can  put  only  one  interpretation  on  the 
attitude  of  the  representatives  of  the  city  in  the 
light  of  this  telegTam.  Read  between  the  lines, 
the  telegram  clearly  shows,  we  think,  that  the  re- 
port does  not  sustain  the  claims  which  Mr. 
Freeman  is  now  asserting  before  the  Secretary 
of  the  Interior  in  behalf  of  the  city.  This  is 
a  report  prepared  by  engineers  of  the  city's 
selection,  acting  under  instructions  of  Mr. 
Freeman,  and  yet,  we  take  it  from  your  last 
letter,  we  are  not  to  be  permitted  an  inspec- 
tion of  it. 

When,  from  time  to  time,  representatives  of 
the  city — particularly  Mr.  Freeman — have  re- 
quested of  us  specific  information,  we  have  not 
stopped  to  consider  what  the  effect  of  its  pro- 
duction upon  our  case  would  be,  but  have,  in  all 
instances,  complied — and,  as  Mr.  Freeman  says, 
promptly  complied — with  the  requests  made. 
Inasmuch  as  we  feel  as  we  do,  it  would  be  lack- 
ing in  candor  not  to  say  that  the  refusal,  un- 
der the  circumstances  detailed,  to  permit  us  to 
have  a  copy  of  this  Grunsky-Marx-Hyde  report 
convinces  us  that  the  city  has  not  met  us  in  the 
same  spirit  with  reference  to  the  information 
under  its  control.  The  attitude  of  its  repre- 
sentatives leaves  but  one  course  open  to  us,  and 
that  is  to  demand  that  the  city  produce  the  re- 
port at  the  hearing  before  the  Secretary  of  the 
Interior  in  Washington.  We  make  this  demand 
now,  in  order  that  the  city 's  representatives  may 
be  prepared  to  produce  the  report  at  the  hearing 
if  the  Secretary  of  the  Interior  or  the  Advisory 
Board  of  Army  Engineers  think  it  proper  evi- 
dence to  go  into  the  record. 
Yours  truly, 

Edw'd  J.   MCCUTCHEN, 

Counsel  for  Spring  Valley  Water  Company. 
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San  Francisco,  Cal.,  October  31,  1912. 
To  the  President  and  the  Board  of  Directors 
of  the  Spring  Valley  Water  Company. 
Before  closing  the  report  upon  the  "Future 
Water  Supply  of  San  Francisco  from  the  Con- 
servation and  Use  of  Its  Present  Resources ' '  for 
presentation  to  The  Honorable  The  Secretary  of 
the  Interior  and  his  Advisory  Board  of  United 
States  Army  iJngineers,  I  desire  to  bring  to  your 
attention  and  to  make  record  of  a  grateful  ap- 
preciation so  deserving  to  the  engineers,  geol- 
ogists and  specialists  whose  works  appear  in  ttie 
report  under  their  respective  names:  Messrs. 
Wm.  Muholland,  J.  B.  Lippincott,  H.  M.  Chitten- 
den, A.  0.  Powell,  George  G.  Anderson,  J.  C. 
Branner,  A.  C.  Lawson,  J.  N.  Le  Conte  and  C.  H. 
Lee ;  and  Messrs.  H.  Schussler,  F.  C.  Herrmann, 

F.  W.  Roeding,  J.  J.  Sharon,  T.  W.  Espy,  I.  E. 
Flaa  and  H.  Monett,  engineers  of  the  staff  of 
the  Spring  Valley  Water  Company. 

It  is  a  source  of  the  highest  gratification  that 
so  great  an  amoimt  of  this  important  work  was 
contributed  by  employes  of  the  company.  The 
great  task  of  properly  assembling  the  text  of  the 
report,  assisting  in  editing  it  and  the  many  other 
duties  incident  to  a  finished  work,  and  requiring 
skill,  judgment  aud  perseverance,  were  met  by 
members  of  our  staff,  Messrs.  John  E.  Behan  and 

G.  A.  Elliott.  To  them  is  due  high  credit  and  I 
desire  to  specially  bring  before  you  notice  of  their 
work  which  has  been  of  decided  merit. 

I  cannot  close  without  a  full  acknowledgment 
of  gratitude  to  the  pressmen,  compositors  and 
other  faithful  employes  of  Mr.  Andrew  Y.  Wood. 
Their  work  has  been  done  under  much  pressure ; 
the  many  trying  difficulties  encountered  have 
meant  to  them  only  greater  effort  rendered  in  a 
spirit  of  loyalty  which  is  a  tribute  to  their  man- 
ager, Mr.  Wood. 

I  commend  to  your  consideration  that  this  let- 
ter be  spread  upon  the  minutes  of  the  company  as 
a  record  of  appreciation  to  those  who  have  as- 
sisted in  the  work  of  this  report. 
Respectfully, 

S.  P.  EASTMAN, 
Vice-President  and  Manager. 
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